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ABSTRACT 
 
 
Family History of Breast Cancer as a Determinant of the Risk of Developing 
Endometrial and Ovarian Cancers: A Nationwide Cohort Study 
 
N. Neely Kazerouni, Dr.P.H., 2002 
 
Dissertation directed by Mark Greene, M.D., Catherine Schairer, Ph.D., National Cancer 
Institute; Heidi Friedman, Ph.D., Paul Hshieh, Ph.D., David Trump, M.D., M.P.H., 
Department of Preventive Medicine and Biometrics, USUHS; Dr. William Haffner, 
M.D., Department of Obstetrics and Gynecology, USUHS. 
 
 
Statement of the problem:  Although endometrial and ovarian cancers share some of the 

same reproductive, hormonal, and genetic risk factors with breast cancer, it is not well 

established if a family history of breast cancer is associated with endometrial and ovarian 

cancer risk in a general population setting.  We examined these associations in a 

prospective cohort study. 

 

Methods:  The women in the endometrial (n=37,583) and ovarian (n=49,975) cancer 

studies were former participants in a national breast cancer screening who were selected 

for additional follow-up (1979-1998).  During follow-up, 648 and 362 women with 

endometrial and ovarian cancers, respectively, were identified.  We examined 

information on the breast cancer history of mothers, sisters, daughters, aunts, and 

grandmothers of the study participants as well as the number of relatives affected with 

breast cancer, their age at diagnosis, and breast cancer laterality.  We used Poisson 

regression to estimate rate ratios and 95% confidence intervals to characterize the 

precision of these point estimates. 
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Results:  The presence of breast cancer in a first-degree (RR=0.96, 95% CI= 0.78-1.2) or 

a second-degree (RR=1.0, 95% CI=0.81-1.2) relative did not influence the risk of 

developing endometrial cancer.  In addition, the risk of endometrial cancer did not vary 

by age of the relative at breast cancer diagnosis or by the number of affected relatives 

with breast cancer.  However, there was a non-significant increase in the  

risk of endometrial cancer among women with a 1st degree relative with bilateral breast 

cancer (RR=1.4, 95% CI= 0.84-2.4) but not among women with a 1st degree relative with 

unilateral breast cancer (RR=0.83, 95% CI=0.62-1.1).  Women with a personal history of 

prior breast cancer were more likely to develop endometrial cancer during the course of 

follow-up (RR=1.3; 95% CI=1.1-1.7), but even in this subgroup, family history of breast 

cancer did not confer additional risk of endometrial cancer. 

 On the other hand, breast cancer in a first- or second-degree (RR=1.4, 95% CI=1.1-

1.7), and any second-degree (RR=1.3, 95% CI=1.0-1.7) relative, increased the risk of 

ovarian cancer.  Participants with two or more first-degree relatives with breast cancer 

also had a significantly increased risk (RR=1.8, 95% CI=1.1-2.8).  Risk was particularly 

high among women with 2 or more first-degree affected relatives, at least one of whom 

had bilateral breast cancer (RR=4.2, 95% CI=1.7-10) or younger age (<50) at breast 

cancer diagnosis (RR=2.6, 95% CI=1.4-4.8), and among women with a personal history 

of breast cancer who also had a first-degree relative with younger age at breast cancer 

diagnosis (RR=3.5, 95% CI: 1.7-7.4).  
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Conclusions:  These results provide support for the hypothesis that a family history of 

breast cancer is a strong predictor of the risk of developing ovarian cancer, but is not a 

predictor of endometrial cancer risk. 
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INTRODUCTION 

 

 Endometrial and ovarian cancers are the first and second most common gynecologic 

cancers in the United States, respectively (Boring, 1994; American Cancer Society, 

2002).  Ovarian cancer is also the leading cause of death among all gynecologic cancers 

(American Cancer Society, 2002).  Both cancers are very curable when they are 

diagnosed in their earliest stages, but the prognosis is much poorer if these tumors are 

detected in a more advanced stage.   

 The well-established risk factors to date for endometrial cancer include exposure to 

unopposed estrogen, older age, nulliparity, obesity, ovarian dysfunction, and late age at 

menopause, while smoking, multiparity, and combination oral contraceptive use are 

associated with reduced risk.  Aside from its association with hereditary nonpolyposis 

colorectal cancer (HNPCC), and probably Cowden=s syndrome, the contribution of 

genetic susceptibility factors to endometrial cancer has not been well studied.   

 The well-established risk factors to date for ovarian cancer include older age, 

nulliparity, Jewish ancestry (i.e., BRCA1 and BRCA2 gene mutations), family history of 

ovarian cancer, and mismatch repair gene mutations in families with HNPCC, while 

multiparity and oral contraceptive use are associated with lower risk.  The contribution of 

genetic susceptibility factors to ovarian cancer has been extensively studied.  Ovarian 

cancer is an integral part of the hereditary breast ovarian cancer (HBOC) syndrome 

(Lynch et al., 1981; Prior and Waterhouse, 1981).  Inherited mutations in the genes 

BRCA1 and BRCA2 are responsible for most (80-90%) hereditary (i.e., germline 

inheritance of a mutant gene conferring autosomal dominant susceptibility with high 
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penetrance) ovarian cancers (Miki et al., 1994; Tavtigian et al., 1996) as well as the 

majority of hereditary breast cancers (i.e., families with at least four cases of either 

female breast cancer diagnosed at age <60 years or male breast cancer diagnosed at any 

age) (Ford et al., 1998). 

 Endometrial and ovarian cancers share common hormonal and reproductive risk 

factors with each other and with breast cancer.  Only a few studies have addressed the 

association between breast cancer and endometrial cancer in families, and a shared 

hereditary component for the two is uncertain.  Numerous studies, however, have 

addressed familial aggregations of breast cancer and ovarian cancer and, in the context of 

the HBOC syndrome, a shared genetic etiology has been demonstrated.  In all of these 

prior studies, updated family history data throughout the study and/or detailed family 

history information, e.g., data on age at breast cancer diagnosis, laterality, and the 

number of affected relatives with breast cancer, was not available. 

 This report describes a prospective study of incident endometrial and ovarian 

cancers among former participants in the Breast Cancer Detection Demonstration Project 

(BCDDP), a breast cancer-screening program conducted in 27 cities throughout the 

United States.  I assessed, separately, the relationship between the risk of endometrial 

cancer and the risk of ovarian cancer and the presence of a family history of breast 

cancer, using family history data collected at four different intervals during this 

prospective cohort study.  I hypothesized that detailed analyses of these unique data on 

age at breast cancer diagnosis, laterality, and the number of affected relatives with breast 

cancer might help to clarify familial and genetic risk factors for these common 

gynecologic cancers.  
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REVIEW OF THE LITERATURE 

 

The Epidemiology of Endometrial Cancer  

 Endometrial carcinoma is the most common cancer of the female reproductive 

organs and ranks fourth in terms of incident cancers among women in the United States 

(American Cancer Society, 2002).  The American Cancer Society estimate that 39,300 

new cases of endometrial cancer will be diagnosed and that about 6,600 women will die 

from this cancer in 2002.  The age-adjusted incidence and mortality rates for this cancer 

were 21.9 and 3.3 per 100,000, respectively, from 1994 through 1998 (Ries et al., 2001).  

According to the U.S. Surveillance, Epidemiology, and End Results Program data (Ries 

et al., 2001), the incidence of endometrial cancer increases with increasing age, until it 

peaks between ages 75 and 79 years (107.7 per 100,000), with a median age at diagnosis 

of 66.  

 

 Type/histopathology of endometrial cancer:  

 Investigators have suggested, on the basis of clinical evidence, that there are three 

distinct types of endometrial cancer: types I, II, and III.  Type I endometrial cancers are 

considered to be estrogen-related (Deligdisch and Holinka, 1987).  Patients with type I 

disease tend to be relatively young (premenopausal or in early menopause), and to have a 

good prognosis.  These tumors are typically well-differentiated adenocarcinomas and, 

less commonly, adenocanthoma, secretory, or ciliated histologic variants, and are 

frequently associated with endometrial hyperplasia (Boyd, 1996).  Their histopathology 

shows a well-differentiated glandular pattern with frequent foam cells and increased 
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number of hormone receptors, indicating estrogen responsiveness (Bandera and Boyd, 

1997).   

 In contrast, type II endometrial cancer, which is associated with adenosquamous, 

papillary serous, and clear cell histologic subtypes, occurs in relatively older 

postmenopausal women, in the absence of an estrogen exposure history, and has a poorer 

clinical prognosis than in patients with type I disease (Deligdisch and Holinka, 1987; 

Kurman and Norris, 1987; Bandera and Boyd, 1997).   

 Type III endometrial cancer occurs in patients who have an inherited predisposition 

for endometrial cancer (Bandera and Boyd, 1997).  These women tend to develop the 

disease 15 years earlier than the general population, and their prognosis is thought to be 

more favorable than that experienced by women with sporadic endometrial cancer 

(Watson et al., 1994; Vasen et al., 1994).  Uniform histopathologic features haven’t been 

described for this type of endometrial carcinoma. 

 

 Risk and protective factors:  

 1) Non-familial and non-genetic risk factors 

 The classical risk factors for endometrial cancer include age, unopposed estrogen 

therapy, tamoxifen use, late menopause, ovarian dysfunction, obesity, diabetes mellitus 

(non-insulin dependent diabetes mellitus: NIDDM), and nulliparity (MacMahon, 1974; 

McDonald et al., 1977; Pettersson et al., 1986; Parazzini et al., 1991, 1999; Fisher et al., 

1994; Elwood et al., 1997; Weiderpass et al., 1999a, 2000).  Conversely, factors such as 

smoking (which decreases circulating estrogen levels) (Brinton et al., 1993), parity 

(Brinton et al., 1992; Henderson et al., 1983), and combination oral contraceptive use 
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(Kelsey et al., 1982; Schlesselman, 1997; Weiderpass et al., 1999b) are associated with 

reduced risk.  It has been proposed that most of these classical risk factors operate 

through estrogen-mediated effects on endometrial proliferation (Key and Pike, 1988), 

which also involve insufficient cyclic exposure to progesterone.   

 Tamoxifen, which is commonly considered an antiestrogen when the breast is the 

target organ, has been shown to exert agonistic estrogenic effects selectively in the 

endometrium.  Tamoxifen is the first “selective estrogen receptor modulator” (SERM), 

and it has been used in the treatment of all stages of breast cancer for over 20 years 

(Osborne, 1998).  SERMs are drugs that exhibit selectivity with regard to mimicking 

estrogen (estrogen agonist) or counteracting the effect of estrogen (estrogen antagonist) 

in each of the estrogen-sensitive tissues via their interaction with the estrogen receptor 

(Kauffman, 1995; Gradishar, 1997; Howell, 1997).  Tamoxifen mimics the desirable 

effects of estrogen in bone (Love, 1992; Wright, 1995) and on the lipid profile (Bertelli, 

1988; Bruning, 1988; Love, 1990) and antagonizes its undesirable effects in the breast.  A 

major drawback with regard to its SERM profile is its stimulatory effect on the 

endometrium, which increases the risk of endometrial cancer, an observation that has 

been made in both preclinical and clinical studies (Gottardis, 1988; Fornander, 1989; 

Fisher, 1994; van Leeuwen, 1994; Assikis, 1995; Barakat, 1999; Rutqvist, 1995; 

Bernstein, 1999).  

 It has been hypothesized that the mechanism of action of non-insulin dependent 

diabetes mellitus, which is characterized by insulin resistance, hyperinsulinemia, and 

higher levels of insulin-like growth factor I (IGF-I) is by elevating androgen and 

lowering sex hormone binding globulin (SHBG) levels (Kaaks, 1996).  It has been 
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reported that hyperinsulinemia increases ovarian steroid hormone production (Poretsky 

and Kalin, 1987), stimulates aromatization of androgens to estrogens (Garzo and 

Dorrington, 1984), and suppresses circulating levels of SHBG (Nestler et al., 1991).  It 

has also been hypothesized that insulin may enhance the effects of insulin-like growth 

factors, and thereby promote endometrial mitogenesis (Rutanen, 1998).  The association 

between non-insulin dependent diabetes mellitus and endometrial cancer is thought to be 

independent of the effect of body mass index (BMI; obesity) (Kaaks, 1996; Parazzini et 

al., 1999; Weiderpass et al., 2000).    

 In addition, reports of the occurrence of both primary breast cancer and primary 

endometrial cancer (so-called “double primaries”) in the same individual indicate that 

personal history of breast cancer may be a potential risk factor for endometrial cancer and 

suggest that there might be an etiologic association between these two cancers.  The 

quantitative data on multiple primary cancers in the Connecticut and Danish population-

based cancer registries indicated a 40% increase in the incidence of endometrial cancer 

among women whose first primary cancer occurred in the breast (Harvey and Brinton, 

1985) and a 20-30% increased incidence of breast cancer following a primary cancer of 

the endometrium (Curtis et al., 1985; Storm and Ewertz, 1985).  However, the analyses in 

these studies did not adjust for hormonal or reproductive risk factors.  In addition, due to 

lack of epidemiologic studies of double primary cancers of the breast and endometrium, 

the basis for this association is not currently known.   

 It is known that endometrial and breast cancer share some of the same reproductive 

and hormonal risk factors, such as nulliparity, and exposure to unopposed estrogen 

(MacMahon et al., 1970; MacMahon, 1974; Lyon, 1975; Hoover et al., 1976; Henderson 
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et al., 1983; Brinton and Hoover, 1992; Brinton et al., 1992; Grady et al., 1995; Sasco, 

2001).  A meta-analysis of 30 studies investigating the association between hormone 

replacement therapy and endometrial cancer risk showed a relative risk of 2.3 (95% CI= 

2.1-2.5) comparing the estrogen-users to non-users (Grady et al., 1995).  In a case-control 

study of endometrial cancer by Weiderpass et al. (1999a), the odds ratio of estrogen use 

for at least 5 years compared with never use was 3.0 (95% CI= 2.0-4.4).  With a 

considerably lower risk elevation as compared to endometrial cancer, a recent study of 

estrogen replacement therapy and breast cancer risk (Schairer et al., 2000) also showed 

increases in risk with estrogen only use (RR=1.2; CI=1.0-1.4).  Additionally, in case-

control studies of endometrial cancer, nulliparity is associated with a two- to three-fold 

increased risk (MacMahon et al., 1974; Parazzini et al., 1991; Brinton et al., 1992).  An 

international collaborative case-control study by MacMahon et al. (1970) showed that the 

risk of breast cancer was 1.4 times higher among single and nulliparous married women 

compared to parous married women.  

 

 2) Possible genetic and familial risk factors 

  A)  Family studies: 

 There have been few reports of a site-specific genetic version of endometrial cancer 

(i.e., families in which one observes only multiple cases of endometrial cancer and no 

other cancers) (Porter, 1966; Boltenberg et al., 1990; Sandles et al., 1992).  Families with 

multiple cases of endometrial cancer only are very uncommon, in contrast to the pattern 

of affection in families with breast or colorectal cancer.  Lynch et al. (1972) have 

identified families in which there are high frequencies of both breast and endometrial 
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cancer.  They investigated the types of malignant neoplasms found in members of 34 

families which had two or three members affected with breast cancer.  In this study, 

endometrial cancer occurred in six women in five of the families.  Fifteen women in these 

five families received a diagnosis of breast cancer.  This non-quantitative, descriptive 

observation led them to conclude that there might exist some families in which both 

breast and endometrial cancer occurred excessively.   

 To the extent that endometrial cancer occurs in a genetic context, it appears to be as 

a part of the Cowden’s and hereditary nonpolyposis colorectal cancer (HNPCC) 

syndromes, each of which also includes a predisposition to multiple different cancer 

types.  In addition, there are data to suggest that breast cancer occurs excessively in these 

disorders as well.  This evidence of a genetic link between endometrial and breast cancer 

is strongest for Cowden syndrome, which clearly predisposes affected women to breast 

cancer, and which recently has had endometrial cancer added to the list of syndrome-

defining malignancies (Mutter et al., 2000; Eng, 2000; Risinger et al., 1996; Scott et al., 

2001).  Cowden syndrome includes multi-organ development of benign hamartomatous 

and malignant epithelial tumors, most notably breast and thyroid carcinoma (Liaw et al., 

1997l; Marsh et al., 1998; Eng et al., 1998).  In women with Cowden’s syndrome, there is 

a 25-50% lifetime risk of breast cancer (Starink et al., 1986); the lifetime risk of 

endometrial cancer in this setting has not yet been clearly defined.   

 In addition, Lynch et al. (1966) and Lynch and Krush (1967) suggested the 

existence of the “cancer-family syndrome” (HNPCC), a disorder that is characterized 

primarily by an increased risk of colorectal cancer among family members.  It also 

includes a predisposition to a variety of extra-colonic neoplasms, of which carcinoma of 
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the endometrium is the most common.  Genetic mutations in six genes involved in DNA 

mismatch repair [hMSH2, hMLH1, hPMS1, hPMS2, hMSH6, and hMSH3] have been 

implicated as the genetic basis for this disorder, which is now known as hereditary 

nonpolyposis colorectal cancer (HNPCC) (Fishel et al., 1993; Leach et al., 1993; Jass et 

al., 1992; Nicolaides et al., 1994; Plaschke et al., 2000; Ku et al., 1999).  Endometrial 

cancer occurs in 20-40% of women with HNPCC (Watson & Lynch, 1993; Hakala et al., 

1991), and in a minority of HNPCC families, endometrial cancer is the predominant 

malignancy, occurring more frequently than colorectal cancer (Boltenberg et al., 1990; 

Lynch et al., 1994; Sandles et al., 1992).  The cumulative risk of endometrial cancer 

among women from HNPCC families with mismatch repair gene mutations is estimated 

to be 60% by age 70 (Aarino et al., 1999).   

 The cumulative risk of breast cancer in these families is not well defined, and it is 

currently controversial as to whether breast cancer truly is one of the extra-colonic 

malignancies that is part of the HNPCC disease spectrum.  However, there clearly are at 

least a few families with documented HNPCC in which there is strong molecular 

evidence to suggest that breast cancer is part of this disorder (Risinger et al., 1996; Scott 

et al., 2001).  Thus, the possibility exists that breast cancer may be part of the HNPCC 

syndrome, perhaps on the basis of selected, very specific mutations in one of the 

mismatch repair genes, i.e., a genotype/phenotype effect.   

  B)  Epidemiologic studies of family history of cancer: 

 There are suggestions that familial risk factors may also contribute to the 

development of endometrial cancer, although the literature with regard to family history 

of endometrial cancer or other cancers, including breast, is inconsistent.  Most of the 
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familial studies of endometrial cancer among younger (20-54 year old) women have 

indicated an association with a family history of endometrial cancer (Parslov et al., 2000; 

Gruber et al., 1996; Schildkraut et al., 1989).  That is, a family history of endometrial 

cancer is associated with a 2.1-to 2.7-fold-increased risk of endometrial cancer among 

younger women.  However, this association among older women has been inconsistent 

(Olson et al., 1999; Parazzini et al., 1994; Nelson et al., 1993; Kelsey et al., 1982).  Olson 

et al. (1999) showed that family history of selected cancers (e.g., endometrium, colon, or 

breast), combined or individually, was not an endometrial cancer risk factor in 

postmenopausal women, whereas Nelson et al. (1993) reported a significantly higher risk 

of endometrial cancer among women with a family history of any of the selected sites 

(i.e., uterine, breast, colon, or ovarian cancer).  A case-control study of a family history of 

endometrial, breast and ovarian cancer and the risk of endometrial cancer by Parazzini et 

al. (1994) showed an odds ratio of 1.5 (95% CI= 1.0-2.3) for endometrial cancer among 

women with a history of endometrial cancer in first-degree relatives and no associations 

with a family history of breast or ovarian cancer.  In the study by Kelsey et al. (1982), 

because of the small numbers with positive family histories, there were no conclusive 

results. 

 

The Epidemiology of Ovarian Cancer 

 Ovarian cancer accounts for 4% of all cancers among women and is the second 

most common gynecologic cancer in the United States (American Cancer Society, 2002).  

The American Cancer Society estimate that 23,300 new cases of ovarian cancer will be 

diagnosed and that about 13,900 women will die from this cancer in 2002.  The age-

  



 12

adjusted incidence and mortality rates for this cancer were 14.5 and 7.5 per 100,000, 

respectively, from 1994 through 1998 (Ries et al., 2001).  The risk of ovarian cancer 

increases with age, from 10 cases per 100,000 in the group younger than 65 years old to 

55 cases per 100,000 in the 65 years old and older (Ries et al., 2001).  Its incidence is 

highest in industrialized Western countries, but low in Japan.  Only about 26% of all 

cases are detected at an early stage; five-year relative survival rates for women with early 

and advanced stages are 81% and 29%, respectively (American Cancer Society, 2002).   

 

 Pathology of ovarian cancer:   

 About 90% of all malignant ovarian tumors are of epithelial derivation, originating 

(it is thought) from cells of the surface germinal epithelium of the ovary (Altcheck et al.,  

1996).  About 43% of epithelial ovarian tumors are serous adenocarcinomas, 15% are 

mucinous adenocarcinomas, 22% are endometrioid adenocarcinomas, 5% are clear cell 

tumors, 14% are mixed or unclassified epithelial tumors of the ovary, and 1% are 

transitional cell or squamous cell tumors (Altcheck et al., 1996; National Cancer Institute, 

1999).  There also exists an intermediate class of ovarian neoplasms, which lies 

somewhere between normal and clearly malignant.  These neoplasms are designated 

“borderline” epithelial tumors (Fox, 1990), and are distinguished by an absence of 

ovarian stromal invasion or distant metastasis. The etiologic relationship between 

borderline and malignant epithelial tumors of the ovary is unclear.  Finally, a variety of 

non-epithelial tumors may originate in the ovary.  These are relatively rare, and include 

such entities as germ cell and sex cord/stromal tumors, sarcomas and lymphomas.    

 

  



 13

 Risk and protective factors:  

 1) Non-familial and non-genetic risk factors 

 Nulliparity is considered an established risk factor for ovarian cancer, while 

multiparity and oral contraceptive use are associated with lower risk (Parazzini et al., 

1991; Vasen et al., 1996; Ford et al., 1998).  Tubal ligation and hysterectomy without 

oophorectomy have also been associated with reduced risk in several studies (Mori et al., 

1988; Whittemore et al., 1992; Hankinson et al., 1993).  

 The reports on the association of some environmental/lifestyle factors and ovarian 

cancer risk are less consistent (Whittemore et al., 1992; Weiss et al., 1996; Mink et al. 

1996).  For example, there are limited data to evaluate potential roles of diet, obesity, 

exercise, or chemical carcinogens, and there are inconsistent reports on the role of 

exposure to talc, and infertility drugs, or infertility per se (Hartge et al., 1983; Cook et al., 

1997; Chang et al., 1997; Glud et al., 1998; Rodriguez et al., 1998; Wong et al., 1999; 

Gertig et al., 2000; Venn et al., 2001).  Several studies point to a role for ionizing 

radiation or asbestos in ovarian cancer risk (Doll and Smith, 1968; Acheson et al., 1982; 

Wignall and Fox, 1982; Newhouse et al.,1985; Tokuoka et al., 1987; Boice, Jr. et al., 

1988).   

Regarding a role for hormone replacement therapy (HRT) in ovarian cancer risk, 

contrary to most previous reports (Whittemore et al., 1992; Garg et al., 1998; Coughlin et 

al., 2000), recent case-control and cohort studies indicate that the risk of ovarian cancer is 

increased among ever users of hormone replacement therapy (HRT) (Rodriguez et al., 

2001; Lacey et al., 2001; Riman et al., 2002).   
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 2) Possible genetic and familial risk factors 

  A) Personal history of breast cancer (double primary studies): 

 Reports of the significantly elevated risks for multiple primary cancers originating 

in the ovary and the breast (Schottenfeld and Berg, 1971; Reimer et al., 1978; Prior and 

Waterhouse, 1981; Teppo et al., 1985) indicate that personal history of breast cancer may 

be a potential risk factor for ovarian cancer.  The data on multiple primaries in 

Connecticut and Denmark indicated a significant 30-70% increased incidence of ovarian 

cancer following a primary cancer of the breast (Ewertz and Mouridsen, 1985; Harvey 

and Brinton, 1985) and a significant 40% increase in the incidence of breast cancer 

among women whose first primary cancer occurred in the ovary (Curtis et al., 1985).  In a 

study evaluating genetic associations between ovarian and breast cancer, the risk of either 

cancer given the other was estimated to be 2.3 times the probability of the independent 

occurrence of each (Schildkraut et al., 1989).  However, the analyses in these studies did 

not adjust for hormonal or reproductive risk factors.  Therefore, the basis for these 

observed associations is not currently known. Possible explanations include the 

hypotheses that shared environmental, hormonal and/or genetic risk factors may be 

involved in the pathogenesis of both ovarian and breast cancer.   

 Regarding shared hormonal and reproductive risk factors, nulliparity and estrogen 

use are considered risk factors for both cancers (La Vecchia, 2001; Sasco, 2001).  In an 

analysis of 12 U.S. case-control studies of ovarian cancer risk, nulliparous women had 

two-fold risk as compared to parous women  (Whittemore et al., 1992).  Similarly, excess 

risk of breast cancer has been reported among nulliparous women.  An international 

collaborative case-control study by MacMahon et al. (1970) showed that the risk of breast 
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cancer was 40% higher among single and nulliparous married women compared to 

parous married women.  Although previous studies reported no association between 

ovarian cancer risk and HRT use, recent studies indicate elevated risk (OR=1.4, 95% 

CI=1.0-2.0) among ever users of estrogen replacement therapy as compared with never 

users (Riman et al., 2002).  A recent study of estrogen replacement therapy and breast 

cancer risk (Schairer et al., 2000) also showed increases in risk with estrogen only use 

(RR=1.2; 95% CI=1.0-1.4). 

 With regard to shared genetic risk factors, it has been reported that women with 

breast cancer who carry mutations in BRCA1 or BRCA2 have a ten-fold increase in the 

risk of subsequent ovarian cancer compared with women without mutations (Frank et al., 

1998).  Fishman et al. (2000) reported that the rate of BRCA1/2 mutations in Ashkenazi 

(of Eastern European origin) Jewish women with ovarian cancer, who had a previous 

primary breast cancer, was at least twice as high as in Jewish women with just ovarian 

cancer.  In this study, women with double primary breast and ovarian cancer had a high 

prevalence (57%) of mutations in BRCA1 and BRCA2 genes.  In addition, a recent study 

of the BRCA1/2 mutations in non-Ashkenazi families showed that 86% (six of seven) of 

women undergoing genetic testing with double primary breast and ovarian cancer were 

BRCA1/2 mutation carriers (Schorge et al., 2001).  The presence of a woman with both 

ovarian and breast cancer in a breast/ovarian family is one of the strongest predictors of 

finding a BRCA1/2 mutation as the genetic basis for that familial cluster.   

B) Familial epidemiologic studies: 

 Descriptive family studies--In 1929, Kimbrough noted increased concordance of 

ovarian cancer in twins (Kimbrough, 1929).  This suggested that familial, perhaps even 
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genetic, factors might play a role in the development of this cancer.  Further cancer 

family studies analyzing familial ovarian cancer pedigrees showed clustering of 

breast/ovarian cancer (Fraumeni, Jr. et al., 1975; Lynch et al., 1981) and extracolonic 

cancers including ovarian cancer with colon cancer (Watson and Lynch, 1993).  In the 

latter study (Watson and Lynch, 1993), significant excess of ovarian cancer (O/E=3.5; 

P<0.001) was reported among members of the 23 high-risk families with HNPCC.    It 

should be noted that in these “descriptive studies,” the families with affected individuals 

comprised unusual high-risk families selected non-systematically from clinical settings.  

In addition, an analysis of 391 pedigrees of patients with ovarian cancer, not selected 

from-high risk families, showed a significant excess risk of breast cancer among first-

degree relatives older than 55 years of patients with ovarian cancer (O/E: 1.6; 95% CI: 

1.1-2.2) (Houlston et al., 1993), but not among younger relatives. 

 Population-based/analytic studies--A family history of ovarian cancer is considered 

an established risk factor for ovarian cancer (Ponder et al., 1991).  In a meta-analysis of 

data from case-control studies, Amos et al. (1992) reported 3.6-fold increased risk of 

ovarian cancer among women with a first-degree relative with ovarian cancer as 

compared to women without affected first-degree relatives.  Another report of a meta-

analysis of all published case-control and cohort studies showed a significant excess risk 

of ovarian cancer (RR=3.1; 95% CI=2.6-3.7) among women who had first-degree 

relatives with ovarian cancer (Stratton et al., 1998).   

 In addition, there is a substantial body of evidence documenting an association 

between breast cancer and ovarian cancer in the same family.  These studies demonstrate 

an excess risk of one cancer when there was a report of the other cancer in a family 
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member.  For example, the risk of ovarian cancer was increased by 1.3-1.8-fold when 

there was a breast cancer in a family member (Schildkraut et al., 1989; Parazzini et al., 

1992; Kerber & Slattery, 1995; Easton et al., 1996; Poole et al., 1999; Ziogas et al., 

2000), and vice versa (Schildkraut et al., 1989; Thompson & Schildkraut, 1991; Peto et 

al., 1996; Ziogas et al., 2000).    

 Several epidemiologic studies (cohort and case-control) have addressed the 

association between ovarian cancer risk and family history of breast cancer including the 

number of affected relatives, and relative’s age of breast cancer onset (Schildkraut and 

Thompson, 1988; Schildkraut et al., 1989; Easton et al., 1996; Ziogas et al., 2000).  For 

example, a recent population-based breast and ovarian cancer study showed an increasing 

trend in the risk of ovarian cancer risk with increasing number of affected first-degree 

relatives with breast cancer (test for trend, p = 0.0002) (Ziogas et al., 2000).  Schildkraut 

and Thompson (1988) showed that women with ovarian cancer were more likely than 

controls to report a relative with age of onset of breast cancer prior to age 55 years (OR: 

1.9; 95% CI: 1.2-3.0).  However, the result from this population-based case-control study 

was contrary to what was reported from an analysis of 391 pedigrees of patients with 

ovarian cancer (Houlston et al., 1993).   A study of breast cancer mortality in mothers and 

sisters of women with ovarian cancer showed non-significant excesses of mortality for 

age groups of <40 (O/E: 4/1.45), 50-59 (O/E: 21/12.9), and 70-79 (O/E: 12/9.6) years old 

(Easton et al. 1996).  Schildkraut et al. (1989) reported that ovarian cancer probands with 

later age at onset (>45) showed increased risk (RR: 3.1; CI: 1.7-5.7) of early age (<45) at 

onset of breast cancer in their relatives (mothers and sisters).   However, no studies have 

looked at the risk of ovarian cancer as it may relate to the laterality of breast cancer in 
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family members.  These variables are of interest because they are felt to represent clinical 

clues to the presence of a hereditary cancer predisposition.   

C) Genetic studies: 

 The hereditary breast/ovarian cancer syndrome (HBOC) is an important genetic 

disorder that predisposes to both ovarian and breast cancer.  Segregation analysis of 18 

large families provided evidence for the association of breast and ovarian cancer resulting 

from a common genetic etiology (Go et al., 1983).  Inherited mutations in the genes 

BRCA1 and BRCA2 are responsible for most (80-90%) hereditary ovarian cancers (Miki 

et al., 1994; Narod et al., 1995; Tavtigian et al., 1996; Boyd, 1998) as well as the majority 

of hereditary breast cancers (i.e., families with at least four cases of either female breast 

cancer diagnosed at age <60 years or male breast cancer diagnosed at any age)  

(Ford et al., 1998).  This implies that the majority of hereditary ovarian cancers occur in 

the setting of familial breast cancer (Prior and Waterhouse, 1981).  This disorder has been 

designated HBOC. 

 More than half a million American women are estimated to be carriers of a 

mutation in one of the breast cancer susceptibility genes, BRCA1 or BRCA2 (Ziogas et 

al., 2000).  The frequency of mutations in the general population is estimated to be about 

1 in 800 for BRCA1 and somewhat less for BRCA2 and this can vary significantly by 

ethnicity (Ford et al., 1995; Struewing et al., 1995; Szabo and King, 1997; Berchuck et 

al., 1999; Antoniou et al., 2000).  These mutations are usually unique to a single family 

(Shattuck-Eidens et al., 1995).  On the other hand, recurrent mutations or “founder 

mutations” (arising from common ancestry) have been identified in almost all 

populations studied, e.g., Icelandic (Thoralicus et al., 1997), Swedish (Hakansson et al., 
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1997), Spanish (Diez et al., 1999), French Canadian (Tonin et al., 1998), Chinese (Khoo 

et al., 1999), and Ashkenazi Jewish (Struewing et al., 1995; Levy-Lahad et al., 1997; 

Moslehi et al., 2000). 

 Jewish ancestry as it relates to the high incidence (2.5% of both genders) of 

mutations in BRCA1 and BRCA2 is considered an established risk factor for ovarian 

cancer (FitzGerald et al., 1996; Abeliovich et al., 1997; Beller et al., 1997; Struewing et 

al., 1995; Oddoux et al., 1996; Roa et al., 1996).  In Ashkenazi Jewish populations, three 

recurrent mutations have been identified (Fitzgerald et al., 1996; Offit et al., 1996; 

Simard et al., 1994; Tonin et al., 1995; Friedman et al., 1994; Neuhausen et al., 1995).  

These founder mutations are BRCA1 185delAG (exon 2) (Streuwing et al., 1995; 

Fitzgerald et al., 1996; Tonin et al., 1995; Roa et al., 1996), BRCA1 5382insC (exon 20) 

(Shattuck-Eidens et al., 1995; Simard et al., 1994; Neuhausen et al., 1995), and BRCA2 

6174delT (Oddoux et al., 1996), which are present at a frequency of 1.1% , 0.1%, and 

1.4%, respectively. 

 It has been reported that the age-specific risk of ovarian cancer in carriers of these 

genes are 15 times higher than that in non-carriers (Claus et al., 1996).  It is currently 

believed that loss of the DNA repair function of the encoded proteins by mutated BRCA1 

and BRCA2 genes results in carcinogenesis, perhaps because of accumulation of un-

repaired somatic mutations.  The lifetime risk of breast and ovarian cancer in female 

carriers of BRCA1 mutations is estimated to be approximately 50%-85% and 15-45%, 

respectively (Gayther et al., 1997; Lynch et al., 1999).  Women who carry BRCA1 

mutations also have an increased incidence of bilateral breast cancer, with a second 

primary breast cancer occurring in 40% to 60% of patients (Lynch et al., 1999).  It has 
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been estimated that the BRCA2 gene is responsible for a smaller proportion of hereditary 

breast and ovarian cancer cases (Wooster et al., 1994).  The carriers of mutations in this 

gene are at lower risk of ovarian cancer (i.e., lower “penetrance”) than that which is seen 

with BRCA1 mutations (Wooster et al., 1995).  The lifetime risk of breast and ovarian 

cancer in BRCA2 mutation carriers are 50%-85% and 10-20%, respectively (Lynch et al., 

1999; Hopper et al., 1999).  The preceding penetrance estimates were derived from the 

study of highly selected, dramatically affected breast/ovarian cancer families that were 

used to map and clone the BRCA genes.  Concern that this methodology may have 

yielded over-estimates of penetrance was borne out when data became available from 

populations that were closer to general population samples, such as the Washington 

Ashkenazi Study and other general breast cancer populations (Struewing et al., 1997; 

Couch et al., 1997; Krainer et al., 1997; Healy, 1997).  In the study by Struewing et al. 

(1997), for example, the estimated risk of breast and ovarian cancer among carriers of 

BRCA1 and BRCA2 genes were 56% and 16%, respectively. The penetrance of BRCA-

associated ovarian cancer in these studies was lower than what was reported in the very 

high-risk families reported by the Breast Cancer Linkage Consortium. 

 It has also been hypothesized that there might be a distinct clinical syndrome of 

pure, site-specific ovarian cancer based on the reports of families with multiple cases of 

ovarian cancer and no obvious excess of breast cancer (Narod et al., 1994; Lynch et al., 

1991a,b; Bewtra et al., 1992; Liede et al., 1998).  However, genetic linkage analysis and 

germline mutation testing has demonstrated that all of these families are associated with 

mutations in the breast and ovarian cancer susceptibility gene BRCA1 (Steichen-Gersdorf 

et al., 1994; Boyd and Rubin, 1997), suggesting that these families belong to the breast 
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and ovarian cancer syndrome families in which early-onset breast cancer has not yet 

appeared.  Alternatively, this pattern may reflect specific genotype/phenotype 

relationships in BRCA1/2, in which mutations located in a specific region of one of these 

genes may be much more likely to result in ovarian cancer than mutations elsewhere in 

the same gene.  A new report of genotype/phenotype correlations among affected 

families with BRCA1 mutations showed that the ovarian:breast cancer ratio associated 

with mutations in a central region of the gene (nucleotides 2401-4190) was significantly 

higher than with other mutations (nucleotides 1-2400 and 4191-end) (Thompson and 

Easton, 2002).  Similarly, the data for this phenomenon for BRCA2 suggests that 

mutations in a specific region of the gene known as the “ovarian cancer cluster region” 

were associated with a significantly higher ratio of cases of ovarian:breast cancer than 

were mutations in other regions (i.e., 5’ or 3’ of this region) (Thompson and Easton, 

2001).   

 Ovarian cancer is also one of the extra-colonic malignancies that occurs excessively 

in persons with hereditary nonpolyposis colorectal cancer (HNPCC) (Bewtra et al., 1992; 

Watson and Lynch, 1993).  Approximately 2% of hereditary ovarian cancer cases occur 

in the context of HNPCC syndrome (Lynch et al., 1991c; Lynch et al., 1998; Lengauer et 

al., 1997).  It has been reported that more than 90% of all reported mutations in HNPCC 

kindreds involve germline mutations in one or the other of two DNA mismatch repair 

genes, hMSH2 or hMLH1 (Boyd and Rubin, 1997).  Vasen et al. (1996) reported that the 

carriers of hMSH2 mutations had a significant eight-fold excess risk of ovarian cancer.  

The estimated risk of ovarian cancer to age 70 in women with mutations in one of the 

mismatch repair genes is approximately 9% (Aarnio et al., 1995), compared with 1.4% in 
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the general population (Parkin et al., 1997). It has been suggested by some (but not all) 

investigators that HNPCC may also include a predisposition to breast cancers (Risinger et 

al., 1996; Scott et al., 2001) among members of the same family.  The cumulative risk of 

breast cancer in these families is not well defined, and it is currently controversial as to 

whether breast cancer truly is one of the extra-colonic malignancies that is part of the 

HNPCC disease spectrum.  

  

SUMMARY 

 

 Reports of families with endometrial cancer and breast cancer, or ovarian cancer 

and breast cancer, and double primary cancers (both in multiple case families and 

sporadic individuals), suggest a common, and possibly genetic etiology for these cancers.  

Although descriptive family studies reporting clustering of ovarian and breast cancer in 

the same families, and several epidemiologic studies indicate an association between 

some ovarian and breast cancers, this relationship has not been well established at the 

general population level.  A possible genetic link between endometrial and breast cancer 

has been less well studied.  The available literature is inconsistent with regard to family 

history of any cancer in the development of endometrial cancer.  In addition, lifetime risk 

of endometrial cancer and breast cancer in Cowden’s syndrome and HNPCC, 

respectively, are not clearly defined.  

 To investigate further the hypothesis that family history of breast cancer may 

increase the risk of developing endometrial or ovarian cancer in the general population 

setting, I analyzed data from Breast Cancer Detection Demonstration Project (BCDDP) 
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Follow-up Study (Schairer et al., 2000).  This study included detailed information 

regarding the number and relationship of relatives affected with breast cancer, their age at 

breast cancer diagnosis, and breast cancer laterality.  Because early age at breast cancer 

diagnosis, bilateral disease and multiple relatives with breast cancer are hallmarks of a 

genetic association, the information available from this study might provide important 

clues as to whether associations between endometrial cancer and ovarian cancer with 

breast cancer are due to shared genetic and/or environmental factors.   

 This study is unique in that detailed family history information including the 

aforementioned features and the information on other risk factors were periodically 

updated throughout the study.  These data allow a more accurate estimate of the rate 

ratios through time-dependent analyses, in which the exposure status classification of 

study participants is determined over time  
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ABSTRACT 

 

Background--Although endometrial and breast cancers share some of the same 

reproductive, hormonal, and genetic risk factors, it is not well established if a family 

history of breast cancer is associated with endometrial cancer risk.  We examined this 

association among 37,583 women, who were former participants in a national breast 

cancer screening program and were then selected for additional follow-up (average: 13.8 

years) after the screening study had been completed.  There were 648 women with 

endometrial cancer identified during the follow-up period (1979-1998). 

Methods—This prospective cohort study collected information on the breast cancer 

history of mothers, sisters, daughters, aunts, and grandmothers of the participants.  Data 

on the number of affected relatives, their age, and breast cancer laterality were also 

collected during the last three phases of the study.  Poisson regression analyses were used 

to derive rate ratios and 95% confidence intervals. 

Results--Controlling for attained age, menopausal status, race, body mass index, breast 

cancer diagnosis, and family size, the presence of breast cancer in a first-degree (RR= 

0.96, 95% CI= 0.78-1.2) or a second-degree (RR=1.0, 95% CI=0.81-1.2) relative did not 

influence the risk of developing endometrial cancer.  In addition, the risk of endometrial 

cancer did not vary by age of the relative at breast cancer diagnosis or by the number of 

affected relatives with breast cancer.  However, there was a non-significant increase in the  

risk of endometrial cancer among women with a 1st degree relative with bilateral breast 

cancer (RR=1.4, 95% CI= 0.84-2.4) but not among women with a 1st degree relative with 

unilateral breast cancer (RR=0.83, 95% CI=0.62-1.1).  Women with a personal history of 
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prior breast cancer were more likely to develop endometrial cancer during the course of 

follow-up (RR=1.3; 95% CI=1.1-1.7), but even in this subgroup, family history of breast 

cancer did not confer additional risk of endometrial cancer. 

Conclusions--These results do not provide support for the hypothesis that a family history 

of breast cancer is an important determinant of the risk of developing endometrial cancer.   

 

INTRODUCTION 

 

Despite recent declines in its incidence, endometrial cancer remains the most common 

cancer of the female reproductive tract in the United States (1) and in the Western world 

(2).  Well-established risk factors include exposure to unopposed estrogen, older age, 

nulliparity, obesity, and smoking (3).  There are inconsistent reports on the association 

between endometrial cancer risk and family history of any cancer.  Most of the familial 

studies of endometrial cancer among younger (20-54 year old) women have indicated an 

association with a family history of endometrial cancer (4-6); however, this association 

among older (55-69 year old) women has been inconsistent (7-10).  Olson et al. (7) 

showed that neither family history of cancer (e.g., endometrium, colon, or breast) overall 

nor at any specific site was a risk factor in postmenopausal women, whereas Nelson et al. 

(9) reported a significantly higher risk of endometrial cancer among women with a family 

history of any of the selected sites (i.e., uterine, breast, colon, or ovarian cancer).    

 

Endometrial cancer and breast cancer share some of the same reproductive and hormonal 

risk factors, such as nulliparity and exposure to unopposed estrogen (11-18).  Reports on 

double primary cancers in the same individual provide further evidence for an etiologic 
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association between breast cancer and endometrial cancer (19-21). 

 

In addition, it seems likely that there are shared genetic components involved in the 

etiology of at least some endometrial and breast cancer cases.  Cowden syndrome and 

hereditary non-polyposis colorectal cancer (HNPCC) are genetic disorders which are said 

to include a predisposition to both endometrial and breast cancer in genetically at-risk 

family members (22-25).   

 

However, the familial association between breast and endometrial cancer is uncertain.   

Lynch et al. (26) have identified families in which there are high frequencies of both 

breast and endometrial cancer.  Anderson et al. (27) showed a significant excess risk of 

breast cancer among study participants with a family history of endometrial cancer.  On 

the other hand, Parazzini et al. (28) found no association between family history of 

endometrial cancer in first-degree relatives and the risk of breast cancer.  In addition, 

Kelsey et al. (10) found no indication of an increased frequency of breast cancer in the 

first-degree female relatives of women with endometrial cancer.   

 

To investigate further the hypothesis of an association between family history of breast 

cancer and the risk of developing endometrial cancer, we analyzed data from a large 

prospective cohort of women with detailed information regarding the number and 

relationship of relatives affected with breast cancer, their age at breast cancer diagnosis, 

and breast cancer laterality.   

 

MATERIALS AND METHODS 

 

The NCI BCDDP Follow-up Study 

The Breast Cancer Detection Demonstration Project (BCDDP), sponsored by the 
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American Cancer Society and the National Cancer Institute (NCI), was a breast cancer 

screening program conducted between 1973 and 1980.  The BCDDP provided up to five 

annual breast examinations to 283,222 women at 29 screening centers in 27 cities 

throughout the United States (29).  Over 99% of the participants were between the ages of 

35 and 74 when they entered the screening program, with a median age of 50 years. The 

NCI began a Follow-up Study of a subset (n=64,182) of the BCDDP participants in 1979, 

which included: (1) all women who were diagnosed with breast cancer during the 

BCDDP (n=4,275); (2) all women who had a breast surgery performed during the 

screening program with no evidence of malignant breast disease (n=25,114); (3) all 

women who had received a recommendation by the project for a surgical consultation, but 

who did not have either a biopsy or aspiration performed (n=9,628); and (4) a sample of 

women who were not recommended for surgical consultation and did not undergo a 

biopsy (n=25,165).  

 

The Follow-up Study was conducted in four phases.  Phase I, carried out between 1979 

and 1986, involved the administration of a baseline and up to six annual telephone 

interviews by the personnel at the BCDDP screening centers.  Between 1987 and 1998, 

phase II (1987-1989), III (1993-1995), and IV (1995-1998) data collection was conducted 

through self-administered mailed questionnaires to all participants not known to be dead.  

In addition, attempts were made to conduct follow-up interviews by telephone for all non-

respondents to the mailed questionnaires. 

 

Data on race and education were available from screening visits between 1973-1979.  

Information collected from phase I of the study included age at menarche, number of live 

births, age at first live birth, ever use of oral contraceptives (if yes: years taken and age at 

first use), age at menopause, ever use of female hormones other than birth control pills  (if 

yes: reasons for use, number of years taken, and age at first use), family history of breast 
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cancer in specific blood relatives (mother, sister, daughter, grandmother, aunt) including 

the number in each category affected with breast cancer, menopausal status (including 

date and reason for periods stopping; menopause was defined as no period having 

occurred within the three months prior to interview), removal of the uterus and/or ovaries 

(if yes: year of surgery), and breast biopsy resulting in either benign or malignant 

diagnoses.  Information on all these factors, except for the first four variables was also 

collected in phases II-IV. 

 

The following information, not collected during phase I, was collected during phases II, 

III, and IV: a more detailed family history of breast cancer, including an enumeration of 

all first and second-degree relatives (including half-sisters and both maternal and paternal 

lineage grandmothers and aunts), the relative’s age at breast cancer diagnosis and 

information regarding whether the breast cancer was unilateral or bilateral; ever use of 

estrogen and progestin pills in the same month (if yes: age at first use, total duration of 

use, and number of days in the month progestin pills were taken); medical history, 

including diabetes, osteoporosis, bone fractures, new cancers (including date of 

diagnosis); date of first diagnosis of endometrial cancer; tobacco and alcohol use; 

physical parameters, including both “usual” and current adult height, weight and body 

shape.  Finally, data regarding recent blood pressure and age at last childbirth were 

available from phase III. 

 

During each phase, pathology reports were sought to objectively confirm self-reported 

cancers.  In addition, the cohort was linked periodically to the National Death Index 

(NDI), and to selected population-based cancer registries, with the last known address of 

each participant used as her state of residence.  Death certificates were retrieved and 

coded for cause of death during the first three phases of the study.  During phase IV, 

cause of death was obtained from coding done by the NDI.   
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Analytic Cohort  

Study population: Of the 64,182 women selected for participation in the Follow-up 

Study, 61,431 (95.7 percent) completed a baseline interview.  Women with a diagnosis of 

endometrial cancer or who had hysterectomy before the baseline interview were excluded 

from the analytic cohort.  This yielded 37,583 women who were eligible for inclusion in 

the current analysis.  Of the 37,583 eligible women at baseline, 31,568 (84%), 27,526 

(73%), and 26,225 (70%) completed the phase II, III, and IV interviews.  Missing phase II 

questionnaires were due to death (4.9%), illness (0.8%), refusal (3.8%), and inability to 

contact before the end of the questionnaire period (6.5%).  The corresponding proportions 

for missing phase III and IV questionnaires were 11.1%, 0.9%, 4.5%, and 10.5%; and 

14.9%, 1.1%, 1.5%, and 12.6%.  Seventy one percent (n=26,780) of those who answered 

the baseline interview (n=37,583) and 74 percent (n=23,324) of those who answered the 

phase II interview (n=31,569) in the endometrial cancer Follow-up Study were linked to 

state cancer registries.  Most study participants were White (87 percent), with small 

percentages of Black (4 percent), Asian-American (5 percent), and Hispanic (2 percent) 

participants. 

 

Analytic Data Set 

Case definition: Endometrial cancer cases (ICD_O codes 179.0, 179.9, 182.0, and ICD_9 

codes 179X, 179.9, 182.0, 183.8, 183.9, 233.2) were identified through self-report on the 

follow-up questionnaires (phases II, III, and IV), pathology reports, death certificates, and 

state cancer registries.   

 

Of the 648 women with endometrial cancer identified, 468 (72%) were identified by self-

report on the follow-up questionnaires; 90% of these were confirmed by pathology reports 

(n=404), state cancer registries (n= 16), or death certificates (n=1).  Independent 

confirmation was unavailable for 47 self-reports.  Thirty-nine cases were ascertained by 
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pathology reports only, 46 cases were identified by death certificates obtained from the 

NDI (of these, state cancer registry information provided additional confirmation for 16 

cases), and 95 cases were found only by matching study participants to various state 

cancer registries data files. 

 
Statistical Analyses  

The Follow-up Study began upon completion of the baseline interview.  Person-years 

accrued until the earliest of the following dates: a) hysterectomy, b) endometrial cancer 

diagnosis, c) study end date, which was either the date of completion of the phase IV 

questionnaire or for non-respondents to phase IV, the estimated date that they would have 

completed the phase IV questionnaire (95-98) if still alive (i.e., depending on when they 

completed the phase III questionnaire, 93-95), and d) date of death or date of state cancer 

registry diagnosis of endometrial cancer if both of these dates were before the study end 

date.  To assign dates of cancer diagnosis for cases identified by death certificates only, 

we used time since onset of disease from the death certificate, medical information from 

earlier interviews, date of hysterectomy, if the individual had this procedure done, or date 

of death if no other information was available. 

 

All of the family history variables were analyzed as time-dependent variables in the 

analyses.  Women who reported breast cancer in a sister, mother, and/or daughter were 

classified as having a “first-degree family history” and those who reported breast cancer 

in a grandmother, and/or aunt were classified as having “second-degree family history.”  

Study participants were defined to have a family history at their age at the midpoint 
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between first report of exposure (i.e., family history of breast cancer) and the prior 

interview or questionnaire. 

Rate ratios (RR) and 95 percent confidence intervals (CI) were estimated by Poisson 

regression.  The reference category for all the analyses comprised women who did not 

have relatives with breast cancer in that category.  Time-dependent variables: attained 

age, body mass index (BMI: weight divided by height squared, kg/m2), menopausal 

status, breast cancer diagnosis, duration of oral contraceptive use, hormone replacement 

therapy use (ever), duration of estrogen only use, hypertension, diabetes, smoking status 

(never, current, former), and time-independent variables: education, race, parity, age at 

menarche, age at first live birth, age at last birth, and age at natural menopause were each 

considered as potential confounders for the family history variables.  Although there was 

no evidence of confounding by variables other than attained age, final models included 

adjustment for a combination of time-dependent (attained age, menopausal status, a 

personal history of breast cancer, and BMI) and time-independent (race and family size) 

variables that were associated with either endometrial cancer or family history.  Further 

adjustment for other risk factors did not alter the risk estimates.   

 

RESULTS 

 

The mean duration of follow-up was 13.8 years, with a median of 15.8 years, a maximum 

of 19.8 years, and a minimum of less than one year.  During prospective follow-up of the 

cohort, 518,747 person-years of observation were accumulated for the 37,583 

participants.  The average age at the start of follow-up was 55 years.   
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Fifty-six percent of person-years were associated with no breast cancer family history of 

any type, 29% occurred in women with some family history of breast cancer (i.e., first-

degree, second-degree or both), and 15% were associated with an uncertain or 

unascertained family history.  Eighty-one percent of accumulated person-years were 

associated with no first-degree family history of breast cancer, 17% occurred in women 

with a first-degree family history, and 2% were associated with an uncertain or 

unascertained first-degree family history; the corresponding figures for a second-degree 

family history were 64%, 17%, and 19%.   

 

Table 1 summarizes the distribution of person-time by first-degree family history of 

breast cancer, stratified by risk factors for endometrial cancer.  Person-years associated 

with a first-degree family history did not vary meaningfully by most factors.  A greater 

percentage of person-years associated with a first-degree family history was evident for 

older attained age and a personal history of breast cancer.  Moreover, slightly greater 

percentages of person-years associated with race, higher BMI, and menopausal status 

were also associated with a first-degree family history. 

 

Rate ratios of endometrial cancer associated with different categories of breast cancer 

family history are shown in Table 2.  All the analyses for second-degree family history 

categories also included adjustments for a first-degree family history.  In general, there 

were no associations between category of breast cancer family history and the risk of 

endometrial cancer:   

• The number of family members with breast cancer did not alter the risk of 
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endometrial cancer;   

• The same analyses excluding unconfirmed cases or cases diagnosed subsequent to 

the last questionnaire showed no associations;   

• Similar associations between family history of breast cancer and the risk of 

endometrial cancer were found among women with and without a personal history 

of breast cancer; and   

• The rate ratio for women with both a first- and a second-degree relative with 

breast cancer was neither elevated nor significant.   

In all these analyses, the women who did not have relatives with breast cancer in the 

category under analysis formed the reference group for each group, as has been done in 

previously-published studies of this kind; however, choosing women with no first- and 

second-degree family history as the comparison groups made no difference in results 

(data not shown).   

 

Because both the diagnosis of breast cancer at an earlier than usual age and the 

development of cancer in both breasts (i.e., bilateral breast cancer) are considered 

harbingers of a genetic predisposition to breast cancer, we analyzed the risk of 

endometrial cancer taking this information into account.  As shown in Table 3, women 

reporting a bilateral breast cancer in any first degree relative (RR=1.4, 95% CI: 0.8-2.4), 

or mothers (RR=1.5, 95% CI: 0.7-3.1), or sisters (RR=1.4, 95% CI: 0.7-2.7) all had non-

significantly elevated rates compared to women without a family history of breast cancer 

in that category.  With regard to age at breast cancer diagnosis among family members, 

there were no associations with endometrial cancer when women with early- and later-
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onset breast cancer were compared to women without a family history of breast cancer.  

As has been previously reported, women in this cohort with a prior personal history of 

breast cancer were at significantly increased risk of developing endometrial cancer during 

prospective follow-up (RR=1.3; 95% CI=1.1-1.7). This was a subgroup in which we had a 

prior hypothesis that the influence of family history of breast cancer on the risk of 

endometrial cancer might be more readily detected, but that proved not to be the case, 

either overall (data not shown), or when considering early age at breast cancer diagnosis 

among first-degree family members.  However, in this group of women, individuals 

reporting a bilateral breast cancer in any first-degree relative (n=4) had a non-significantly 

elevated rate (RR=1.8, 95% CI: 0.6-5.2) of endometrial cancer as compared with women 

without a first-degree family history of breast cancer. 

 

DISCUSSION 

 

In this nationwide prospective study of 37,583 women, reported family history of breast 

cancer did not confer an increased risk of endometrial cancer.  This null result was found 

despite our having detailed information on breast cancer family history, including age at 

diagnosis and bilaterality in the affected relatives.  Furthermore, the cohort was large, as 

was the number of women who developed endometrial cancer during follow-up, which 

averaged 13.8 years per participant.   

 

Our results are consistent with the reports of two other large cohort studies (7,9) but 

inconsistent with a family study (26).  The study by Lynch et al. (26), included highly 
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selected families with two or more members affected with breast cancer and who 

therefore had a relatively strong predispositions for cancer.  On the other hand, two 

reports have been published from the Iowa Women’s Health Study (IWHS), a cohort 

whose participants are similar to those in the BCDDP, but who were recruited via 

different methods (i.e., use of Iowa Department of Transportation driver’s license list).  

The IWHS collected family history information only at baseline, and there was no 

information about family size or age at onset of cancer in family members.  However, the 

nested case-control analysis (7) showed a slight, non-significant increase in endometrial 

cancer risk among women with a first-degree family history of breast cancer (OR=1.2, 

95% CI: 0.6-2.5).  

 

A major strength of our study was the evaluation of endometrial cancer risk in relation to 

a family history of bilateral breast cancer, the number of affected relatives and their age 

at breast cancer diagnosis.  These features of breast cancer are of great potential interest 

in assessing whether a family history might increase endometrial cancer risk through a 

genetic mechanism (30-36).  In that regard, it was of interest to note that endometrial 

cancer risk among women reporting bilateral breast cancer in a first degree relative 

(mother/sister and/or daughter) was elevated by 40%, an increase that was not statistically 

significant.  However, there were no associations between endometrial cancer risk and 

age at breast cancer diagnosis among family members and the number of affected 

relatives.  Our data do not permit us to distinguish between this “increase” being false, a 

consequence of intensive data analysis with multiple comparisons having been made, and 

its being a true finding compromised by low statistical power in this subgroup. 
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The occurrence of multiple persons with cancer in the members of a family could reflect a 

shared genetic predisposition, a common environmental exposure, a more complex 

interaction between genes and environment, or chance.  Because we did not collect 

information on environmental risk factors from relatives of the participants and because 

we had a relatively small number of participants in subgroups of particular interest, we 

could not distinguish among these possibilities in evaluating the modest association 

between endometrial cancer risk and history of bilateral breast cancer in a first degree 

relative.  It is notable, however, that this elevated risk was consistently observed across 

categories of women with any first-degree relative, mother, or sister with a bilateral breast 

cancer.   

 

There are two genetic syndromes, Cowden’s disease and HNPCC, which some (but not 

all) investigators have suggested may include a predisposition to both endometrial and 

breast cancers among members of the same family (24-27,39-41).  However, despite the 

suggestion that breast cancer may be part of the HNPCC syndrome in at least a subset of 

families (24,25,37-39), other reports do not support the hypothesis that HNPCC family 

members are at an increased risk of breast cancer (9,40,41).  The most recent study of this 

question provided evidence that at least some of the breast cancer that arises in women 

with HNPCC appears to be sporadic in nature, rather than caused by mutations in one of 

the mismatch repair genes (42).  Because we collected information related to family 

history of  cancers other than breast cancer only during phase IV of this study, we were 

unable to assess whether any of the endometrial cancer cases in our study occurred in 

families likely to be affected by Cowden syndrome, HNPCC, or by other familial cancer 
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syndromes. 

 

Another possible explanation for our null results was the absence of younger women from 

the cohort.  Only 9% of the accumulated woman-years of observation in this cohort were 

accrued by women less than age 50.  As noted previously, a younger-than-usual age at 

cancer diagnosis is one of the cardinal features of most hereditary cancer syndromes.  The 

small contribution of such women to the events observed in this study may have 

compromised our ability to detect a breast cancer pattern suggestive of a genetic disorder.   

However, Schildkraut et al (6) found no elevated relative risk for breast cancer among 

mothers and sisters of endometrial cancer cases younger than 55 years of age (RR=1.2, 

95% CI: 0.7-2.2). 

 

The endometrial cancer risk factors identified in this study are consistent with those 

identified in previous studies (10,13,14,17,43-46).  The finding that women with a 

personal history of breast cancer had a significant, 30% excess risk for endometrial cancer 

is interesting and consistent with earlier studies (21,47,48).  This could suggest that 

shared environmental, hormonal and/or genetic risk factors may be involved in the 

pathogenesis of these cancers.  Because we adjusted for attained age, duration of 

menopausal estrogen use, menopausal status, BMI, and parity in assessing risk of 

endometrial cancer associated with a personal history of breast cancer, it is unlikely that 

these shared risk factors account for the association.  

 

 It is also possible that the increased risk of double primaries of the breast and 
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endometrium could be due to medications that increase the risk of endometrial cancer, 

such as hormone replacement therapy with unopposed estrogen (49) and adjuvant therapy 

with tamoxifen (50-53).  An increased incidence of endometrial cancer in women with 

breast cancer has been reported (54,55).  Since the early 1970s, tamoxifen has been 

widely used for the treatment of advanced breast cancer and in the 1980s, adjuvant 

tamoxifen therapy became the standard of care for women with stage II breast cancer.  

Cancer treatment trials using tamoxifen have shown an excess risk of up to 2-fold for 

endometrial cancer among breast cancer patients treated with adjuvant tamoxifen 

(52,53,56,57).  Because we did not collect information on tamoxifen use or other 

hormonal therapies for breast cancer treatment, we were unable to evaluate whether the 

excess risk of endometrial cancer among participants with breast cancer is due to 

tamoxifen use or shared genetic or environmental factors that we did not adjust for.  

However, the bulk of the person-years of observation in the current study were accrued in 

an era when the adjuvant use of tamoxifen in the treatment of the earliest stages of breast 

cancer was not yet widespread.    

 

Several methodologic issues need to be considered in interpreting our results.  Although 

most data were obtained prospectively, some of the information on family history of 

breast cancer was reported by cases on questionnaires that were completed after their 

diagnosis of endometrial cancer.  Thus, it is possible that cases differentially recalled their 

family history of breast cancer compared with non-cases.  However, a methodological 

study found no difference in the reporting of breast cancer in family members between 

patients with and without breast cancer (58).  It is likely that these results would also 
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pertain to reporting of family history of breast cancer by patients with and without 

endometrial cancer.  In addition, we did not have complete information on a family 

history of breast cancer and other risk factors for some participants who did not complete 

all questionnaires.  However, there was no difference in loss to follow-up according to the 

family history of breast cancer data.  Finally, no attempt was made to obtain objective 

verification of the breast cancers that were reported by study participants to have occurred 

among their relatives.  However, prior studies have shown that the accuracy of reported 

occurrences of breast cancer in family studies is very high, in the range of 83%-95% (58-

62); reporting of family history of breast cancer in a second-degree relative is less 

accurate (62,63).  We are therefore reasonably confident regarding the reliability of the 

reported family history information, particularly among first-degree relatives.  

 

In summary, our cohort study revealed no overall association between a family history of 

breast cancer and endometrial cancer risk.  Although we found a non-significant increased 

risk for women with a first-degree (mother and/or sisters) family member with bilateral 

breast cancer, we did not see any associations with other features of various hereditary 

cancer syndromes, such as early age of onset and high incidence of multiple persons with 

breast cancer among family members.  Thus, a family history of breast cancer does not 

seem to be an important endometrial cancer risk factor, although a personal history of 

breast cancer does increase the risk of developing endometrial cancer by approximately 

30%. 
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Table 1.  Distribution of person-years by first-degree family history of breast cancer 
according to selected factors in BCDDP endometrial cancer Follow-up Study, 1979-1998  
 

 
 
 
Risk factor 

Never 1st  
degree family  

history of 
breast cancer 

(%) 

Ever 1st  
degree family 

history of  
breast cancer 

 (%) 

Unsure 1st 
degree family 

history of 
breast cancer 

(%) 

Total  
person- 
years 

Attained age (yrs) 
   <50 
   50-54 
   55-59 
   60-64 
   65-69 
   70-74 
   75+ 

 
85.0 
83.1 
81.6 
80.3 
78.9 
77.7 
75.7 

 
14.0 
15.4 
16.5 
17.7 
19.0 
20.1 
21.8 

 
1.0 
1.6 
1.9 
2.0 
2.1 
2.2 
2.5 

 
  47,881 
  72,040 
100,680 
101,318 
  82,058 
  55,842 
  58,927 

Race 
   White 
   Hispanic 
   Black 
   Other 

 
79.7 
85.2 
83.7 
84.6 

 
18.3 
12.5 
14.5 
13.8 

 
1.9 
2.3 
1.7 
1.6 

 
451,128 
  11,692 
  19,998 
  35,930 

Body mass index 
(kg/m2) 
   <22.05 
   22.05-25.07 
   25.08-27.85 
   27.86-32.06 
   32.07+ 
   Unknown 

 
 

81.1 
80.3 
79.8 
79.6 
78.8 
79.6 

 
 

17.3 
17.6 
18.2 
18.1 
19.0 
18.6 

 
 

1.6 
2.1 
2.0 
2.3 
2.2 
1.8 

 
 
185,058 
154,982 
  80,203 
  53,369 
  26,508 
  18,625 

Personal history of  
breast cancer 
   Never 
   Ever 

 
 

81.3 
71.4 

 
 

16.8 
26.3 

 
 

1.9 
2.3 

 
 

468,590 
  50,157 

Menopausal status 
   Pre-menopause 
   Menopause 
   Unknown 

 
83.5 
79.9 
79.9 

 
15.1 
18.1 
17.3 

 
1.4 
2.0 
2.8 

 
  65,740 
437,138 
  15,869 

1st-degree family size 
   <4 
   4-5 
   6-7 
   8+ 
   Unknown 

 
82.6 
78.1 
74.9 
71.3 
83.5 

 
15.4 
20.3 
23.5 
26.7 
14.2 

 
2.0 
1.6 
1.6 
2.0 
2.3 

 
237,784 
134,371 
  50,616 
  20,526 
  75,451 
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Table 2.  Rate ratios (RR) of endometrial cancer associated with family history of  
breast cancer in BCDDP endometrial cancer Follow-up Study, 1979-1998 

 
 
 
Relative 

 
No. of  
Person-Years

 
No. of 
Cases 

Adjusted * 
_____________ 
RR (95% CI) 

Any family history 
   No history 
   1 affected 
   2 or more affected 
   Any affected 
   Unknown 

 
283,382 
111,368 
 45,652 
157,020 
 78,345 

 
352 
138 
 59 
197 
 99 

 
 1.0 (reference) 

        0.9 (0.7-1.1) 
        0.9 (0.7-1.2) 
        0.9 (0.8-1.1) 
        0.8 (0.6-1.0) 

Any 1st degree 
   No history 
   1 affected 
   2 or more affected 
   Any affected     
   Unknown 

   
416,839 
 78,650 
 13,331 
 91,981 
  9,927 

 
521 
104 
  15 
119 
  8 

 
 1.0 (reference) 

        1.0 (0.8-1.2) 
        0.8 (0.5-1.3) 
        1.0 (0.8-1.2) 
        0.6 (0.3-1.1) 

Mother 
   No history 
   Mother affected 
   Unknown 

 
458,967   
50,579 
   9,201 

 
577 
64 
   7 

 
1.0 (reference) 

       1.0 (0.8-1.3) 
       0.5 (0.3-1.2) 

Sister 
   No history 
   1 affected 
   2 or more affected 
   Any affected 
   Unknown 

 
467,353 
 38,600 
  6,412 
45,012 
  6,381 

 
583 
 50 
  9 
59 
 6 

 
1.0 (reference) 

       0.9 (0.7-1.2) 
       0.9 (0.5-1.8) 
       0.9 (0.7-1.2) 
       0.7 (0.3-1.6) 

Daughter 
   No history 
   1 affected 
   2 or more affected 
   Any affected 
   Unknown 

 
509,734 
   3,307 
      452 
   3,759 
   5,255 

 
638 
  4 
  1 
 5 
 5 

 
 1.0 (reference) 

       0.7 (0.3-2.0) 
       0.8 (0.1-7.8) 
       0.8 (0.3-1.9) 
       0.7 (0.3-1.6) 

Any 2nd degree 
   No history 
   1 affected 
   2 or more affected 
   Any affected    
   Unknown 

 
333,569 
  68,458 
  20,309 
  88,767 
  96,411 

 
404 
  84 
  30 
114 
130 

 
1.0 (reference) 

       1.0 (0.7-1.2) 
       1.1 (0.8-1.7) 
       1.0 (0.8-1.2) 
       0.9 (0.8-1.2) 

Grand mother 
   No history 
   1 affected 
   2 affected 
   Any affected    
   Unknown  

 
410,817 
 21,126 
 1,196 
22,322 
85,609 

 
508 
  21 
  2 
23 
117 

 
1.0 (reference) 

       0.8 (0.5-1.3) 
       1.2 (0.3-4.9) 
       0.9 (0.6-1.3) 
       1.0 (0.8-1.2) 
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Table 2.  Rate ratios (RR) of endometrial cancer associated with family history of  
breast cancer in BCDDP endometrial cancer Follow-up Study, 1979-1998 

 
 
 
Relative 

 
No. of  
Person-Years

 
No. of 
Cases 

Adjusted * 
_____________ 

RR (95% CI) 
Aunt 
   No aunt’s history 
   1 affected 
   2 or more affected 
   Any affected 
   Unknown 

 
376,329 
  59,104 
  13,754 
  72,858 
  69,560 

 
449 
 72 
 25 
 97 
102 

 
      1.0 (reference) 
      1.0 (0.7-1.3) 
      1.5 (1.0-2.3) 
      1.1 (0.8-1.3) 

1.1 (0.9-1.4) 
 

*Adjusted for number of relatives, attained age, BMI, personal breast cancer diagnosis,  
race, and menopausal status.  The second-degree variables were also adjusted for a first- 
degree family history.  
Women who did not have relatives with breast cancer in that category formed the reference 
group for each group. 
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Table 3.  Rate ratios for endometrial cancer, 95% Confidence Intervals, number of cases and 
total person-years by age of diagnosis and disease laterality of relative with breast cancer 
 
         First-Degree Relative 

       
______________________________________________________________________ 

     Age at Diagnosis*      Laterality Status 
    _____________________________ __________________________________ 
Reference Group <50   >50  Unknown  Unilateral  Bilateral   Unknown 
  1.0  0.8 1.0     0.9  0.8    1.4  1.0 
      (0.5-1.2)    (0.8-1.3)  (0.6-1.3)  (0.6-1.1)  (0.8-2.4)  (0.8-1.3) 
  CA/PY   24/23,292  69/46,193 25/22,280   49/42,948   15/8,349 55/41,562  
 
Women with a personal history of breast cancerϕ 
  1.0      0.5      0.8    1.2         0.6         1.8    0.8 
      (0.2-1.7)   (0.4-1.5)     (0.5-2.8)     (0.2-1.3)   (0.6-5.2)   (0.4-1.7) 
  CA/PY    3/3,187    10/6,862    6/3,053       6/5,924   4/1,351   9/5,932 
_____________________________________________________________________________________ 
          
         Mother with Breast Cancer 
    ______________________________________________________________________ 
     Mother’s Age at Diagnosis*    Mother’s Laterality Status 
    _____________________________  _____________________________________ 
Reference Group <50  >50  Unknown  Unilateral  Bilateral   Unknown 
  1.0  0.9  1.0   0.8  0.9   1.5   1.0 
     (0.4-1.7)  (0.8-1.4)  (0.5-1.4)  (0.6-1.3)   (0.7-3.1)      (0.7-1.5) 
  CA/PY  8/7,622  42/29,301  14/13,814   28/24,290  7/4,274  29/22,509   
 
         Sister with Breast Cancer 
     ______________________________________________________________________ 
     Sister’s Age at Diagnosis*    Sister’s Laterality Status 
     _____________________________  _____________________________________ 
Reference Group <50  >50  Unknown   Unilateral   Bilateral    Unknown 
  1.0   0.8  1.0   1.1   0.8   1.4  0.9  
     (0.5-1.4)    (0.7-1.4)  (0.6-1.8)  (0.5-1.2)  (0.7-2.7)  (0.6-1.4) 
  CA/PY   14/13,707  30/20,349  15/11,015  24/20,630  9/4,558 26/20,224 
 
          Daughter with Breast Cancer 
   ______________________________________________________________________ 
     Daughter’s Age at Diagnosis*    Daughter’s Laterality Status 
    _____________________________  _____________________________________ 
Reference Group <50   >50  Unknown   Unilateral   Bilateral   Unknown 
  1.0    0.7   ---   1.3   0.5   1.1    1.2 
      (0.2-2.2)  ---   (0.3-5.4)   (0.1-2.1)  (0.1-9.0)  (0.3-5.1) 
  CA/PY  3/2,474  0  2/890   2/2,294  1/313   2/1,134 
_____________________________________________________________________________________ 
*Age at diagnosis is the age of youngest relative in that category with breast cancer. 
All analyses are adjusted for attained age, race, menopausal status, BMI, number of relatives in each category 
(except mother’s category), and personal breast cancer diagnosis (except the category of women with a personal 
history of breast cancer).  ϕ The last variable was not included in the model. 
Women who did not have relatives with breast cancer in that category formed the reference group for each group. 
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ABSTRACT 

 

Purpose:  Because breast and ovarian cancer are very closely associated in the BRCA1/2 

cancer susceptibility syndromes, we assessed the role of a family history of breast cancer 

as a risk factor for the development of ovarian cancer in a general population setting. 

Patients and Method:  The women in the study (n=49,975) were former participants in a 

national breast cancer screening program who were selected for additional follow-up 

(1979-1998). During follow-up, 362 women with ovarian cancer were identified.  We 

examined information on the breast cancer history of mothers, sisters, daughters, aunts, 

and grandmothers of the study participants as well as the number of relatives affected 

with breast cancer, their age at diagnosis, and breast cancer laterality.  We used Poisson 

regression to estimate rate ratios and 95% confidence intervals to characterize the 

precision of these point estimates. 

Results:  Breast cancer in a first- or second-degree (RR=1.4, 95% CI=1.1-1.7), and any 

second-degree (RR=1.3, 95% CI=1.0-1.7) relative, increased the risk of ovarian cancer.  

Participants with two or more first-degree relatives with breast cancer also had a 

significantly increased risk (RR=1.8, CI=1.1-2.8).  Risk was particularly high among 

women with 2 or more first-degree affected relatives, at least one of whom had bilateral 

breast cancer (RR=4.2, CI=1.7-10) or younger age (<50) at breast cancer diagnosis 

(RR=2.6, 95% CI=1.4-4.8), and among women with a personal history of breast cancer 

who also had a first-degree relative with younger age at breast cancer diagnosis (RR=3.5, 

95% CI: 1.7-7.4).  
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Conclusion:  These results provide support for the hypothesis that a family history of 

breast cancer is an important determinant of the risk of developing ovarian cancer. 

 

INTRODUCTION 

 

Ovarian cancer accounts for 4% of all cancers among women and is the second most 

common gynecologic cancer in the United States.1  The established risk factors for 

ovarian cancer include older age, Jewish ancestry (i.e., BRCA1 and BRCA2 gene 

mutations), mismatch repair gene mutations in families with hereditary nonpolyposis 

colorectal cancer, family history of ovarian cancer, and hormonal and reproductive 

factors such as nulliparity, while multiparity and oral contraceptive use are associated 

with lower risk.2-4 

 

It has been suggested that ovarian and breast cancers share a common genetic etiology.5  

The hereditary breast and ovarian cancer syndrome (HBOC) is an important genetic 

disorder that predisposes to both malignancies.  Inherited mutations in the genes BRCA1 

and BRCA2 are estimated to be responsible for most (80-90%) hereditary ovarian 

cancers6-7 as well as the majority of hereditary breast cancers.4,8-9 

 

There is a substantial body of evidence documenting an association between breast 

cancer and ovarian cancer in the same family.  These studies demonstrate an excess risk 

of one cancer when there was a report of the other cancer in a family member.10-18   

 

 



 80

Several population-based epidemiologic studies (cohort, case control, and family studies) 

have addressed the association between ovarian cancer risk and family history of breast 

cancer (including the relative’s age of breast cancer onset, and the number of affected 

relatives), but the results have been inconsistent.10,12,14,16,19  In addition, no studies have 

looked at the risk of ovarian cancer as it may relate to the laterality of breast cancer in 

family members.  These variables are of interest because they are felt to represent clinical 

clues to the presence of a hereditary cancer predisposition.   

 

To investigate further the hypothesis that family history of breast cancer may increase the 

risk of developing ovarian cancer in the general population setting, we analyzed data 

from a large prospective cohort of women, from whom we obtained detailed information 

regarding the number and relationship of relatives affected with breast cancer, their age at 

breast cancer diagnosis, and breast cancer laterality.   

 

PATIENTS AND METHODS 

 

The NCI BCDDP Follow-up Study 

The women in the study were former participants in the Breast Cancer Detection 

Demonstration Project (BCDDP), a breast cancer screening program conducted between 

1973 and 1980, which was sponsored by the American Cancer Society and the National 

Cancer Institute (NCI). The BCDDP provided up to five annual breast examinations to 

283,222 women at 29 screening centers in 27 cities throughout the United States.20  The 

NCI began a separate Follow-up Study of a subset of the BCDDP participants in 1979.  
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This study recruited a cohort of women defined on the basis of their status at their last 

BCDDP screening visit. It included four sub-cohorts: (1) all women who were diagnosed 

with breast cancer (n=4,275); (2) all women who had breast surgery performed during the 

screening program, with no evidence of malignant breast disease (n=25,114); (3) all 

women who had received a recommendation by the project for a surgical consultation, 

but who did not actually have either a biopsy or aspiration performed (n=9,628), and; (4) 

a sample of women who had not been recommended for surgical consultation and who 

did not undergo a biopsy (n=25,165).  There were a total of 64,182 women from these 4 

subgroups who were eligible for participation in the BCDDP Follow-up Study.21 

 

The BCDDP Follow-up Study was conducted in four phases.  The first phase, carried out 

between 1979 and 1986, involved the administration of a baseline and up to six annual 

telephone interviews by the personnel at the BCDDP screening centers.  Between 1987 

and 1998, phase II (1987-1989), III (1993-1995), and IV (1995-1998) data collections 

were conducted through self-administered mailed questionnaires to all participants not 

known to be dead.  In addition, attempts were made to conduct follow-up interviews by 

telephone for all non-respondents to the mailed questionnaires. 

 

Data on race and education were available from screening visits between 1973-1979.  

Information collected from phase I of the study included age at menarche, number of live 

births, age at first live birth, ever use of oral contraceptives (if yes: number of years taken 

and age at first use), age at menopause, ever use of female hormones other than birth 

control pills (if yes: reasons for use, number of years taken, and age at first use), family 
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history of breast cancer in specific blood relatives (mother, sister, daughter, grandmother, 

aunt) including the number in each category affected with breast cancer, menopausal 

status (including date and reason for periods stopping; menopause was defined as no 

period having occurred within the three months prior to interview), removal of the uterus 

and/or ovaries (if yes: year of surgery), and breast biopsy resulting in either benign or 

malignant diagnoses.  Information on all these factors, except for the first four variables 

(which would be expected to remain constant) was also collected in phases II-IV. 

 

 The following information, not collected during phase I, was collected during phases II, 

III, and IV: a more detailed family history of breast cancer, including an enumeration of 

all first- and second-degree relatives (including half-sisters and both maternal and 

paternal lineage grandmothers and aunts), the relative’s age at breast cancer diagnosis 

and information regarding whether the breast cancer was unilateral or bilateral; ever use 

of estrogen and progestin pills in the same month (if yes: age at first use, total duration of 

use, and number of days in the month progestin pills were taken); medical history, e.g., 

new cancers (including date of diagnosis); date of first diagnosis of ovarian cancer; 

tobacco use; physical parameters, including both “usual” and current adult height, weight 

and body shape.   

 

During each phase, pathology reports were sought for self-reported cancers.  In addition, 

the cohort was linked during each phase to the National Death Index (NDI).  Death 

certificates were retrieved and coded for cause of death during the first three phases of 

the study.  During phase IV, cause of death was obtained from coding done by the NDI.  
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The cohort was also linked to 19 state cancer registries with the last known address of 

each participant used as her state of residence. 

 

Analytic cohort  

Study population:  

Of the 64,182 women selected for participation in the BCDDP Follow-up Study, 61,431 

(95.7 percent) completed a baseline interview.  Women with a diagnosis of ovarian 

cancer or who had undergone bilateral oophorectomy before the baseline interview were 

excluded from the analytic cohort, yielding 49,975 women eligible for inclusion in the 

current analysis.  Of the 49,975 eligible women at baseline, 42,068 (84%), 36,623 (73%), 

and 34,825 (70%) responded to the phase II, III, and IV interviews.  Missing phase II 

questionnaires were due to death (5.0%), illness (0.8%), refusal (3.6%), and inability to 

contact before the end of the questionnaire period (6.6%).  The corresponding proportions 

for missing phase III and IV questionnaires were 11.0%, 1.0%, 4.0%, and 11.0%; and 

15.0%, 1.0%, 1.0%, and 13.0%.  In addition, 70.9 percent (n=35,412) of those who 

answered the baseline interview (n= 49,975) and 73.4 percent (n=30,882) of those who 

answered the phase II interview (n=42,068) were linked to state cancer registries.  Most 

women in the study were White (87 percent), with small percentages of Black (5 

percent), Asian-American (5 percent), and Hispanic (2 percent) participants. 

 

Analytic Data Set   

Case definition: 
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 Ovarian cancer cases (ICD_O codes 183.0, 183.3, 183.4, 183.5, 183.8, 183.9, and ICD_9 

codes 183.0, 183.3, 183.4, 183.5, 183.8, 183.9, 236.2) were identified through self-report 

on the follow-up questionnaires (phases II, III, and IV), pathology reports, death 

certificates, and state cancer registries.   

 

Of the 362 cases identified, 173 were identified by self-report on the follow-up 

questionnaires; eighty-eight percent of these were confirmed by pathology reports 

(n=141), state cancer registries (n=4), death certificates only (n=2), or state cancer 

registries and death certificates (n=6).  Independent confirmation was unavailable for 20 

self-reports.  Five cases were ascertained by pathology reports only, 145 cases were 

identified by death certificates obtained from the NDI (of these, state cancer registry 

information provided additional confirmation for 40 cases), and 39 cases were found only 

by matching study participants to various state cancer registries. 

 

Statistical Analysis    

The BCDDP Follow-up Study began upon completion of the baseline interview.  In our 

analysis, person-years accrued until the earliest of the following dates: a) bilateral 

oophorectomy, b) ovarian cancer diagnosis, c) study end date, which was either the date 

of completion of the phase IV questionnaire or for non-respondents to phase IV, the date 

that they would have completed phase IV if still alive, and d) date of death if this date 

was < study end date.  To assign dates of cancer diagnosis for cases identified by death 

certificates only, we used information on the death certificate if ‘time since onset of the 

disease caused death’ was specified.  Otherwise, other sources such as medical 
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information from earlier interviews or date of bilateral oophorectomy if the individual 

had this procedure done, were used.  If no additional information was available we used 

date of death as date of diagnosis. 

 

Time-dependent variables in the analyses included the following: attained age, 

menopausal status, personal breast cancer diagnosis, duration of oral contraceptive use, 

duration of estrogen only use, plus all the breast cancer family history variables.  Women 

who reported breast cancer in a sister, mother, and/or daughter were classified as having 

a “first-degree family history” and those who reported breast cancer in a grandmother, 

and/or aunt were classified as having a “second-degree family history.”  Study 

participants were defined as having a particular family history at their age at the midpoint 

between first report of exposure and the prior interview.  Because information on a 

family history of ovarian cancer was collected on the last questionnaire, we could not 

accurately estimate the ages of the study participants at the time their relatives developed 

ovarian cancer.  Thus, family history of ovarian cancer was not considered as a time-

dependent variable in the analyses.  Analyses that included this variable were restricted to 

those who answered the phase IV questionnaire.  

 

Rate ratios (RR) and 95 percent confidence intervals (CI) were estimated by Poisson 

regression.22  In the final model, RRs were estimated with adjustment for attained age, 

personal history of breast cancer, and family size.  Additional adjustment for sub-cohort 

did not change the RRs.  All the analyses for second-degree family history categories 

also included adjustments for a first-degree family history.  The reference category for all 
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the analyses comprised women who did not have relatives with breast cancer in that 

category, as has been done in previously published studies of this kind. 

 

RESULTS 

 

The mean duration of follow-up for study participants was 14.3 years, with a median of 

15.9 years, a maximum of 19.8 years, and a minimum of less than one year.  During 

prospective follow-up of the cohort, 715,914 person-years of observation were 

accumulated for the 49,975 participants.  The average age at the start of follow-up was 55 

years.   

 

Fifty-four percent of person-years were associated with no breast cancer family history 

of any type, 31% occurred in women with some family history of breast cancer (i.e., first-

degree, second-degree or both), and 15% were associated with an uncertain or 

unascertained family history.  Eighty one percent of accumulated person-years were 

associated with no first-degree family history of breast cancer, 18% occurred in women 

with a first-degree family history, and 2% were associated with an uncertain or 

unascertained first-degree family history; the corresponding percents for a second-degree 

family history were 64%, 17%, and 19%.   

 

As expected from prior epidemiologic studies, in our study the risk of ovarian cancer was 

positively associated with attained age, menopausal status, estrogen exposure, family 
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history of ovarian cancer, and personal history of breast cancer, and was associated 

inversely with oral contraceptive use (data not shown).   

 

Table 1 summarizes the distribution of person-time for positive- and negative- first-

degree family history, according to selected risk factors for ovarian cancer.  Person-years 

associated with a first-degree family history did not vary meaningfully by most factors.  

A greater percentage of person-years associated with a first-degree family history was 

evident for older attained age and a personal history of breast cancer.  

 

Rate ratios of ovarian cancer associated with different categories of breast cancer family 

history are shown in Table 2.  Since adjustment for attained age and personal history of 

breast cancer altered these estimates, rate ratios were adjusted for the effects of these 

factors and a possible confounder, i.e., family size, which were identified as important in 

most prior familial cancer studies.  Additional adjustment for family history of ovarian 

cancer in the sub-cohort who responded to the phase IV questionnaire didn’t affect the 

relative risk estimates.   

 

In general, women with a breast cancer family history were at increased risk of ovarian 

cancer when compared to women without a family history of breast cancer in that 

category.  Significant increases in the risk of ovarian cancer were shown among women 

with any family history of breast cancer, with two or more first-degree relatives with 

breast cancer, and with any second-degree relative affected.  Non-significant increases in 

risk were also revealed among women with two or more sisters with breast cancer or two 
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or more daughters with breast cancer.  In addition, the rate ratio for women with both a 

first- and a second-degree relative with breast cancer was elevated, but was not 

significantly different from unity (RR=1.3, 95% CI=0.76-2.1) (data not shown).   

 

Table 3 presents the rate ratios of ovarian cancer associated with different categories of 

breast cancer family history among women with a personal history of breast cancer.  

Non-significant elevated rate ratios were observed among women with a personal history 

of breast cancer and with any first- or second-degree, and with any first-degree relatives 

with breast cancer.  Women with 2 or more first-degree relatives with breast cancer had a 

significantly elevated rate ratio of ovarian cancer  (RR=3.7, 95% CI=1.8-7.7).  

 

Because both the diagnosis of breast cancer at an earlier than usual age, and the 

development of cancer in both breasts (i.e., bilateral breast cancer) are considered 

harbingers of a genetic predisposition to breast cancer, we considered the risk of ovarian 

cancer taking this information into account.  As shown in Table 4, there were statistically 

non-significant increased rates of ovarian cancer among women with affected relatives 

younger than 50 years of age (RR=1.4, 95% CI=0.87-2.2) or women reporting a bilateral 

breast cancer in any first-degree relative (RR=1.5, 95% CI=0.72-2.9) when compared to 

women without a family history of breast cancer in that category.  Significantly increased 

risks were seen among women with 2 or more first-degree affected relatives, at least one 

of whom had a younger age at breast cancer diagnosis (RR=2.6, 95% CI=1.4-4.8) or 

bilateral breast cancer  (RR=4.2, 95% CI=1.7-10).  
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In addition, women with a personal history of breast cancer who had a first-degree 

relative with younger age at breast cancer diagnosis (RR=3.5, 95% CI=1.7-7.4) or 

bilateral breast cancer (RR=2.6, 95% CI: 0.80-8.7) were at higher risk of ovarian cancer 

than women with no first-degree family history.  Rate ratios associated with a younger 

age at breast cancer diagnosis or diagnosis of bilateral disease in a first-degree relative 

was highest among women with both a personal history of breast cancer and with two or 

more first-degree relatives with breast cancer (RR=6.5, 95% CI=2.7-16; RR=8.3, CI=2.4-

28 respectively).  

 

DISCUSSION 

 

In this nationwide prospective study of 49,975 women, reported family history of breast 

cancer was associated with an increased risk of ovarian cancer, particularly among 

women with two or more relatives (any relatives and first-degree relatives) with breast 

cancer.  In addition, significantly elevated rate ratios were shown among women with 2 

or more first-degree affected relatives, at least one of whom had bilateral breast cancer or 

younger age (<50) at breast cancer diagnosis.  Rate ratios associated with these factors 

was particularly high among women with a personal history of breast cancer who had 2 

or more first-degree affected relatives.  

      

Our results are consistent with most previous case-control and family studies, all of 

which suggested that having a positive family history of breast cancer increases a 

woman’s risk of developing ovarian cancer.10-11,15-16,19,23-24  In contrast, one population-
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based cohort study found no association between ovarian cancer risk and family history 

of breast cancer.25  However, in that study, the family history information was only 

collected at the baseline interview, the information obtained was much less detailed than 

the information we obtained, and there were only 18 cases with a family history of breast 

cancer.  These methodological differences may account for the discrepancy between their 

results and ours. 

 

In addition to our report, two other epidemiologic studies have reported the risk ratios of 

ovarian cancer for both first- and second-degree relatives of study participants with breast 

cancer. 16,19  In the study by Ziogas et al., based on a population-based family registry of 

breast and ovarian cancer, there were excess risks of breast cancer in mothers and sisters 

of the ovarian cancer probands, but not in grandmothers, aunts, and cousins.16  In the 

case-control study by Schildkraut et al., the risk of ovarian cancer conferred by the 

occurrence of breast cancer in any first-degree relative was elevated (OR=1.5, 95% 

CI=1.1-2.1), but for breast cancer in second-degree relatives it was 1.2.19  Although we 

saw significant excess risks of ovarian cancer among women with one second-degree 

relative with breast cancer, there was no association between ovarian cancer risk and 

having two or more second-degree relatives with breast cancer.  The small number of 

cases in this category (n=13) could be responsible for our inability to detect this 

anticipated association.   In addition, the results from the analyses of second-degree 

relatives could be affected by misclassification of breast cancer history, since it has been 

shown that reported family history of breast cancer in a second-degree relative is less 

accurate than a similar history in a first-degree relative.26-27   
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To our knowledge, only one previous study addressed the association between ovarian 

cancer risk and number of relatives with breast cancer, but there were no conclusive 

results due to the very small number of cases with more than one relative affected.19   The 

occurrence of multiple persons with cancer among the members of a family has 

numerous possible explanations.  These include a shared genetic predisposition, a 

common environmental exposure, a more complex interaction between genes and 

environment, and chance.  Because our study did not collect information on 

environmental risk factors from relatives of the participants, we could not differentiate 

the contribution of shared non-genetic versus genetic factors in the development of 

ovarian cancer.   

 

Because early age at cancer diagnosis as well as bilaterality in paired organs or 

multifocality within a single organ are considered the typical features of various 

hereditary cancer syndromes,28-31 the significant increases in risk among women with 2 or 

more first degree relatives, at least one of whom had bilateral breast cancer or younger 

age (<50) at breast cancer diagnosis in our study are consistent with the hypothesis that 

shared genetic pathways are involved in the etiology of at least some ovarian and breast 

cancer cases.  Only a few studies have addressed the association between ovarian cancer 

risk and family history of breast cancer with respect to relatives’ age at breast cancer 

diagnosis.  In a case-control study by Schildkraut et al. (1989), it was reported that early 

age (<45) at onset of breast cancer among mothers and sisters was associated with an 

increased risk of ovarian cancer in probands.10  A cohort study of breast cancer mortality 

in mothers and sisters of women with ovarian cancer showed non-significant excesses for 
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age groups of <40, 50-59, and 70-79 years.14  In contrast, an analysis of  319 pedigrees of 

ovarian cancer patients with a first-degree relative with ovarian cancer showed a 

significant excess risk of breast cancer with an older age at diagnosis (>50) among first-

degree relatives.12    

 

The hereditary breast ovarian cancer syndrome (HBOC) is an established genetic 

disorder that predisposes to both ovarian and breast cancers among members of the same 

family.5,10,32-33  It is in this setting that the association between early age at breast cancer 

diagnosis and the presence of bilateral breast cancer has been most clearly linked to 

hereditary breast and ovarian cancer susceptibility.  In addition, one of the most potent 

predictors of the likelihood of identifying a BRCA1 or BRCA2 mutation in a high-risk 

family is the presence of a family member with separate primary cancers of both the 

breast and the ovary.34-35  The fact that women in the BCDDP Follow-up Cohort with a 

personal history of breast cancer displayed a 1.5-fold increase in the risk of ovarian 

cancer (95% CI: 1.1-2.0) provides additional support for the hypothesis that one 

component of the association between breast and ovarian cancer described herein is a 

true genetic predisposition.  Further support is provided by the observation that in this 

study, women with a personal history of breast cancer had 3.5 and 2.6 fold excess risks of 

ovarian cancer if they had a first-degree relative with an early age at breast cancer 

diagnosis and bilateral breast cancer, respectively.   Moreover, women with a personal 

history of breast cancer and with 2 or more first-degree affected relatives, at least one of 

whom had bilateral breast cancer or younger age at breast cancer diagnosis, had still 

higher risks. 
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Ovarian cancer is one of the extra-colonic malignancies that occurs excessively in 

persons with hereditary nonpolyposis colorectal cancer (HNPCC).36-37  The estimated 

risk of ovarian cancer to age 70 in women with mutations in one of the mismatch repair 

genes is approximately 9%,38 compared with 1.4% in the general population.39  It has 

been suggested by some (but not all) investigators that HNPCC may also include a 

predisposition to breast cancers among members of the same family.40-41  Because we had 

incomplete data on family history of cancers other than breast, we were unable to 

determine whether any of the association between breast and ovarian cancer in our study 

might be attributable to the presence of women with this syndrome. 

  
Several methodologic issues need to be considered in interpreting our results.  Although 

we had incomplete information on a family history of ovarian cancer, adjustment for this 

variable did not alter our results in the sub-cohort of women who provided information 

on this variable (data not shown).  In addition, in a case-control study by Parazzini et al., 

the adjusted and unadjusted odds ratios of ovarian cancer for a family history of ovarian 

cancer were similar.11  This lack of confounding by the ovarian cancer family history 

could be due to the fact that ovarian cancer is a rare outcome,42 and that family history of 

breast cancer can be as strong a predictor of risk as family history of ovarian cancer.  If 

we had systematically collected data on a family history of ovarian cancer throughout the 

study, we likely would have been better able to classify women with respect to 

potentially inherited susceptibility to BRCA genes.       

 

Although we attempted to maximize ascertainment of ovarian cancer cases by identifying 

cases through the National Death Index (death certificates), pathology reports, and by 
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means of linkage to state cancer registries for study participants who had died, who failed 

to answer all questionnaires, or who became lost to follow-up, there is undoubtedly some 

under-ascertainment of ovarian cancer cases in this cohort.  However, the loss to follow-

up and potential under-ascertainment of cases did not vary by family history of breast 

cancer and thus was not likely to bias our rate ratio estimates.  

 

Our study is also subject to the possibility of recall bias.  Some of the information on 

family history of breast cancer was obtained prospectively, but some was obtained after 

the diagnosis of ovarian cancer.  However, a methodological study found no difference in 

the reporting of breast cancer in family members between patients with and without 

breast cancer.43  It is likely that this study would also be applicable to ovarian cancer 

cases reporting a family history of breast cancer.   

 

Third, no attempt was made to obtain objective verification of the breast cancers that 

were reported by study participants to have occurred among their relatives.  However, 

prior studies have shown that the accuracy of reported occurrences of breast cancer in 

family studies is very high, in the range of 83%-95%,26,43-46 family history report of breast 

cancer in a second-degree relative is somewhat less accurate.26-27  We are therefore 

reasonably confident regarding the reliability of the reported family history information, 

particularly among first-degree relatives.    

 

In summary, our cohort study found an association between family history of breast 

cancer and ovarian cancer risk, which varied with the number of first-degree relatives 
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affected, the age at breast cancer diagnosis, and whether the cancer was bilateral.  

Considering the typical features of various hereditary cancer syndromes: 1) early age of 

onset, 2) high incidence of multiple persons with cancer among family members, and 3) 

bilaterality in paired organs, the observed associations in our study support the 

hypothesis that shared genetic pathways are involved in the etiology of at least some 

ovarian and breast cancer cases, and that this familial risk factor (most likely genetic) is 

sufficiently strong that it can be detected in the general population setting when an 

appropriately detailed family history is taken.  Clinicians who are caring for women with 

ovarian cancer may find it useful to consider carefully the details of breast cancer 

occurrence among their patients’ relatives, as they search for that subset of patients with 

ovarian cancer upon which a more detailed genetic risk assessment might be focused.   
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Table 1.  Percentage of person-years associated with a first-degree family history of 
breast cancer according to selected factors in BCDDP ovarian cancer Follow-up Study, 
1979-1998     
 

 
 
Risk factor 

Negative 1st 
degree family 

history of breast 
cancer (%) 

Positive 1st 
degree family 

history of breast 
cancer  (%) 

Unsure 1st degree 
family history of 

breast cancer  
(%) 

Total 
person- 
years 

Attained age (yrs) 
   <50 
   50-54 
   55-59 
   60-64 
   65-69 
   70-74 
   75+ 

 
85.3 
83.1 
81.5 
80.1 
78.6 
77.1 
75.1 

 
13.7 
15.3 
16.6 
17.9 
19.2 
20.6 
22.4 

 
1.0 
1.6 
1.9 
2.1 
2.2 
2.3 
2.5 

 
  63,176 
  98,312 
138,368 
140,050 
114,298 
  78,548 
  83,161 

Menopausal status 
   Pre-menopause 
   Menopause 
   Unknown 

 
80.6 
79.8 
80.0 

 
17.5 
18.2 
17.2 

 
1.9 
2.0 
2.8 

 
249,232 
450,580 
  16,102 

Personal history of  
breast cancer 
   Never 
   Ever 

 
 

81.1 
70.9 

 
 

17.0 
26.7 

 
 

1.9 
2.4 

 
 
647,592 
  68,321 

Duration of oral  
contraceptive use 
   No use 
   <3 
   3-<9 
   >9 
   Unknown 

 
 

79.8 
80.7 
80.6 
81.8 
81.9 

 
 

18.2 
17.5 
17.6 
16.2 
14.5 

 
 

2.0 
1.8 
1.8 
2.0 
3.6 

 
 
503,132 
105,796 
  69,198 
  32,203 
    5,585 

Duration of estrogen  
only use (yrs) 
   No use 
   <8 
   8-<16 
   >16 
   Unknown 

 
 

80.5 
80.9 
78.7 
78.8 
78.9 

 
 

17.8 
17.3 
19.1 
19.2 
18.9 

 
 

1.7 
1.8 
2.2 
2.0 
2.2 

 
 
344,158 
136,839 
  33,475 
  19,087 
  30,901 
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Table 2.  Rate ratios (RR) of ovarian cancer associated with family history of  
breast cancer in BCDDP ovarian cancer Follow-up Study, 1979-1998 

 
 
 
Relative 

 
No. of 

Person-Years 

 
No. of 
Cases 

Adjusted * 
_____________ 
RR (95% CI) 

Any family history 
   No history 
   1 affected 
   2 or more affected 
   Any affected 
   Unknown 

 
385,566 
155,669 
  64,851 
220,520 
109,828 

 
177 
  90 
  40 
130 
  55 

 
1.0 (reference) 
1.3 (1.0-1.7) 
1.4 (1.0-2.0) 
1.4 (1.1-1.7) 
1.1 (0.8-1.5) 

Any 1st degree 
   No history 
   1 affected 
   2 or more affected 
   Any affected     
   Unknown 

   
573,387 
 109,251 
   19,190 
 128,441 
  14,086 

 
279 
  55 
  19 
  74 
    9 

 
1.0 (reference) 
1.0 (0.8-1.4) 
1.8 (1.1-2.8) 
1.1 (0.9-1.5) 
1.2 (0.6-2.3) 

Mother 
   No history 
   Mother affected 
   Unknown 

 
633,392   
   69,519 
   13,003 

 
314 
  39 
    9 

 
1.0 (reference) 
1.2 (0.8-1.6) 
1.3 (0.7-2.5) 

Sister 
   No history 
   1 affected 
   2 or more affected 
   Any affected 
   Unknown 

 
642,969 
 54,773 
   9,214 
 63,987 
  8,958 

 
314 
  33 
    9 
  42 
    6 

 
1.0 (reference) 
1.1 (0.8-1.6) 
1.7 (0.9-3.3) 
1.2 (0.9-1.7) 
1.2 (0.5-2.7) 

Daughter 
   No history 
   1 affected 
   2 or more affected 
   Any affected 
   Unknown 

 
702,808 
   5,081 
      701 
   5,782 
   7,324 

 
350 
   4 
   2 
   6 
   6 

 
1.0 (reference) 
1.3 (0.5-3.5) 
4.6 (1.1-19) 
1.7 (0.7-3.8) 
1.6 (0.7-3.5) 

Any 2nd degree 
   No history 
   1 affected 
   2 or more affected 
   Any affected    
   Unknown 

 
455,025 
  96,212 
  29,105 
125,317 

           135,571 

 
214 
  61 
  13 
  74 
  74 

 
1.0 (reference) 
1.4 (1.1-1.9) 
1.0 (0.6-1.7) 
1.3 (1.0-1.7) 
1.0 (0.8-1.3) 
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Table 2.  Rate ratios (RR) of ovarian cancer associated with family history of 
 breast cancer in BCDDP ovarian cancer Follow-up Study, 1979-1998 
 
 
 
Relative 

 
No. of 

Person-Years 

 
No. of 
Cases 

Adjusted * 
_____________ 
RR (95% CI) 

Grand mother 
   No history 
   1 affected 
   2 affected 
   Any affected    
   Unknown  

 
563,301 
 29,988 
   1,663 
  31,651 
120,962 

 
272 
  18 
    1 
  19 
  71 

 
1.0 (reference) 
1.3 (0.8-2.1) 
1.2 (0.2-8.3) 
1.3 (0.8-2.0) 
1.0 (0.8-1.3) 

Aunt 
   No aunt’s history 
   1 affected 
   2 or more affected 
   Any affected 
   Unknown 

 
514,886 
   82,795 
   20,037 
  102,832 
    98,196 

 
252 
  48 
    9 
  57 
  53 

 
1.0 (reference) 
1.2 (0.9-1.7) 
0.9 (0.5-1.8) 
1.2 (0.9-1.6) 
0.9 (0.7-1.3) 
 

*Adjusted for number of relatives, attained age, and breast cancer diagnosis.  The  
second-degree variables were also adjusted for a 1st degree family history.  
Women who did not have relatives with breast cancer in that category formed the  
reference group for each group. 
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Table 3.  Rate ratios (RR) of ovarian cancer associated with family history of  
breast cancer among women with a personal history of breast cancer in 
BCDDP ovarian cancer Follow-up Study, 1979-1998 

 
 
 
Relative 

 
No. of 

Person-Years 

 
No. of 
Cases 

Adjusted * 
_____________ 
RR (95% CI) 

Any family history 
   No history 
   1 affected 
   2 or more affected 
   Any affected 
   Unknown 

 
  30,811 
  17,730 
    9,539 
  27,269 
   10,241 

 
  24 
  12 
  13 
  25 
    6 

 
1.0 (reference) 
1.0 (0.5-2.0) 
1.9 (1.0-3.9)  
1.3 (0.7-2.4) 
0.8 (0.3-2.1) 

Any 1st degree 
   No history 
   1 affected 
   2 or more affected 
   Any affected     
   Unknown 

   
  48,420 
  14,556 
   3,714 
  18,270 
    1,631 

 
  34 
  11 
  10 
  21 
    0 

 
1.0 (reference) 
1.2 (0.6-2.3) 
3.7 (1.8-7.7) 
1.7 (1.0-2.9) 
        --- 

Any 2nd degree 
   No history 
   1 affected 
   2 or more affected 
   Any affected    
   Unknown 

 
  40,095 
  10,556 
    3,659 
  14,215 

             14,010 

 
  32 
    7 
    3 
  10 
  13 

 
1.0 (reference) 
0.9 (0.4-2.1) 
1.0 (0.3-3.5) 
0.9 (0.4-2.0) 
1.4 (0.7-3.0) 
 

*Adjusted for number of relatives, and attained age.  The second-degree variables  
were also adjusted for a 1st degree family history.  
Women who did not have relatives with breast cancer in that category formed the  
reference group for each group. 
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Table 4.  Rate ratios for ovarian cancer, 95% Confidence Intervals, number of cases and total 
person-years by age of diagnosis and disease laterality of relative with breast cancer 
 

         First-Degree Relative 
      ______________________________________________________________________ 
     Age at Diagnosis*      Laterality Status 
    _____________________________ __________________________________ 
Reference Group <50   >50  Unknown  Unilateral  Bilateral   Unknown 
  1.0    1.4  0.8   1.5   0.7    1.5   1.4 
    (0.9-2.2) (0.5-1.2) (1.0-2.2)  (0.5-1.1)  (0.7-2.9)   (1.0-2.0) 
  CA/PY  20/32,762 24/64,063 30/31,162   20/60,124    8/12,154  47/57,333 
 
Women with 2 or more first-degree relatives with breast cancerϕ 

  1.0    2.6   1.3   0.9     1.4        4.2      1.4 
     (1.4-4.8) (0.6-3.1) (0.2-3.5)   (0.6-3.5)   (1.7-10)  (0.7-2.7) 
  CA/PY  11/8,072  6/7,670  2/3,350     5/6,026     5/2,136   9/11,020 
 
Women with a personal history of breast cancer 
  1.0    3.5      0.7     1.8         1.2       2.6    1.7 
     (1.7-7.4) (0.3-2.0)    (0.8-4.2)  (0.5-2.9)   (0.8-8.7)   (0.9-3.4) 
  CA/PY  10/4,484   4/9,387   7/4,303    6/8,206      3/1,870    11/8,253 
 
Women with a personal history of breast cancer and with 2 or more first-degree relatives with BCϕ 

  1.0    6.5   2.8   --     3.6        8.3    2.4 
     (2.7-16)  (0.8-9.4)      (1.1-12)   (2.4-28)  (0.9-7.0) 
  CA/PY  7/1,574   3/1,559      3/1,131  3/476   4/2,104 
_____________________________________________________________________________________   
*Age at diagnosis is the age of youngest relative in that category with breast cancer. 
All analyses are adjusted for attained age, number of first-degree relatives, and personal breast cancer diagnosis (the 
analyses among women with a personal history of breast cancer did not include this variable).   
ϕ At least one of whom had the age at diagnosis or laterality characteristic. 
Women who did not have first-degree relatives with breast cancer formed the reference category for each group.  If 
women with a personal history of breast cancer formed a group, the reference category also included women with 
this characteristic. 
CA= Number of cases; PY= Total person-years. 
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OVERALL DISCUSSION 

 

 Our study is the first large prospective cohort study to evaluate the risk of 

developing either endometrial or ovarian cancer in relation to an extensive breast cancer 

family history data.  These familial breast cancer data include:  

• Periodic updates of family history information on several occasions during the 

course of follow-up; 

• Information on the occurrence of breast cancer in both first- and second-degree 

relatives of study participants; 

• Enumeration of total numbers of first- and second-degree female relatives, 

allowing the analysis to be adjusted for family size; and 

• Data regarding the age of breast cancer diagnosis, and laterality, for relatives who 

were reported with breast cancer during the course of prospective follow-up. 

 We found that family history of breast cancer was not associated with an increased 

risk of endometrial cancer, but it was associated with an increased risk of ovarian cancer, 

particularly among women with two or more affected first-degree relatives.  In addition, 

significantly elevated rate ratios for ovarian cancer were shown among women with 2 or 

more first-degree affected relatives, at least one of whom had bilateral breast cancer or 

younger age (<50) at breast cancer diagnosis.  Risk associated with these factors was 

particularly high among women with a personal history of breast cancer who also 

reported 2 or more first-degree affected relatives. 

  In considering these results, the following features of our studies are considered  

as the strengths in this report: 
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• High response rates for each phase of the study, i.e.,  

aggressive, comprehensive efforts at follow-up, as indicated in the manuscripts and 

Methods Chapter, kept the proportion of participants lost to follow-up to a 

minimum. 

• Use of ancillary methods for case ascertainment that were employed in this study 

made it possible to capture ovarian/endometrial cancer cases that would have 

been missed had only a single mode of ascertainment been used.  This improved 

the statistical power of our analyses to detect an association and increased the 

power of our study to generalize the results to the entire population of women 

with ovarian/endometrial cancer, rather than the selected subset which would 

have been found with a less comprehensive approach to case-finding;   

• Periodic updates of family history information on several occasions during the 

course of follow-up allowed a more accurate classification of the participants with 

regard to their exposure status.  This approach minimized the possibility of 

exposure misclassification in our study; and 

• Periodic updates of information on other risk factors related to the cancer 

endpoints of interest were obtained on several occasions during the course of 

follow-up, thus permitting adjustments for these risk factors as time-dependent 

variables. 

 

Discussion of the Endometrial Cancer Follow-up Study Results 

 Our analysis of breast cancer family history as a risk factor for the development of 

endometrial cancer yielded a null result.  The hypothesis had its basis in a series of 
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observations suggesting that endometrial cancer and breast cancer shared an important set 

of risk factors, i.e., nulliparity, and exposure to unopposed estrogen.  Furthermore, as 

discussed in the Introduction Chapter, a variety of data were consistent with the 

possibility that a family history of breast cancer might increase the risk of endometrial 

cancer. 

 The results in Appendix B (Table 1) provide significant reassurance regarding the 

biologic integrity of this cohort of women.  When we analyzed the relationship between 

the prospective development of endometrial cancer and previously established 

endometrial cancer risk factors in this study, the findings were remarkably consistent 

with what is already known about the etiology of this cancer (Mac Mahon, 1974; Hoover 

et al, 1976; Kelsey et al, 1982; La Vecchia et al, 1984; Kvale et al, 1991; Brinton et al, 

1992; Austin et al, 1993; Weiderpass et al, 2000).    

 It is also reassuring that the results from the endometrial cancer Follow-up Study 

are consistent with the reports of two other, previously published, large cohort studies, 

making it unlikely that our results represent a false negative finding (Olson et al., 1999; 

Nelson et al., 1993).  Our novel time-dependent analytic approach yielded the same 

results as in these two cohort studies, in which the family history data were collected only 

at baseline.   

 However, our results are inconsistent with a family study of high-risk families with 

breast cancer (Lynch et al., 1972).  One possible explanation for this discrepancy is that if 

there are shared genetic components playing a role in endometrial and breast cancer 

pathogenesis, these factors may be detectable only among highly selected families with 
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an inherited cancer susceptibility, and that such effects are not common enough to be 

detected at the population level.   

 Another possible explanation for the null results in our endometrial cancer analysis 

and the other two endometrial cancer cohort studies (Olson et al., 1999; Nelson et al., 

1993) derive from the age structure of the populations under study, as was discussed in 

our endometrial cancer manuscript.  It is possible that women with a hereditary predis-

position to endometrial cancer, who tend to be diagnosed at earlier age, might have died 

or have developed endometrial cancer before the start of the Follow-up Study in 1979. 

 Finally, of course, it may be correct that family history of breast cancer is not a risk 

factor for endometrial cancer.  Even though the hypothesis we set out to test was a 

plausible one, the overall strength of the prior evidence was modest.  The existing 

evidence certainly would not have justified undertaking a study of this magnitude to test 

specifically this particular hypothesis.  We performed this analysis because the previously 

established cohort permitted us to do so at minimal additional cost, and because the 

scientific question was an interesting if not a compelling one.  Thus, it may not be 

surprising that we failed to detect the proposed association.  The large size of the overall 

cohort, the large number of prospectively diagnosed endometrial cancers, the availability 

of comprehensive endometrial cancer risk factor information, and the unusually detailed 

breast cancer family history information combine to make this a strong negative study.  

Most convincingly, the pattern of positive associations detected in the companion ovarian 

cancer analysis provides considerable support for our belief that the findings related to 

endometrial cancer are correct. 

 



 112

Discussion of the Ovarian Cancer Follow-up Study Results 

 Our results with regard to the hypothesized association between ovarian cancer risk 

and family history of breast cancer yielded significant associations.  Reported family 

history of breast cancer was associated with an increased risk of ovarian cancer, 

particularly among women with two or more relatives (any relatives and first-degree 

relatives) with breast cancer.  In addition, significantly elevated rate ratios were shown 

among women with 2 or more first-degree affected relatives, at least one of whom had 

bilateral breast cancer or younger age (<50) at breast cancer diagnosis.  Risk associated 

with these factors was particularly high among women with a personal history of breast 

cancer and with 2 or more first-degree affected relatives.    

 The occurrence of multiple persons with cancer among the members of a family has 

numerous possible explanations.  These include a shared genetic predisposition, a 

common environmental exposure, a more complex interaction between genes and 

environment, and chance.  Because the BCDDP Follow-up Study did not collect 

information on environmental risk factors from relatives of the participants, we could not 

evaluate the contribution of shared non-genetic factors in the development of ovarian 

cancer.  However, simulation studies have shown that even despite high correlations in 

environmental exposures among family members, the relative risks of the disease 

associated with these factors must be on the order of ten-fold to yield increases in the 

disease risk among family members (Khoury et al., 1988; Hopper and Carlin, 1992).  The 

ovarian cancer risk associated with the majority of environmental risk factors have been 

on the order of two-fold or less.  Therefore, it seems unlikely that familial clustering of 

these factors could entirely explain the observed association in our study.   
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 In addition, considering the fact that early age at cancer diagnosis as well as 

bilaterality in paired organs or multifocality within a single organ are considered the 

typical features of various hereditary cancer syndromes (Knudson, 1971; Anderson, 

1977; Verhoog, et al., 1998; Robson et al., 1998), our observed associations are 

consistent with the hypothesis that perhaps shared genetic pathways are involved in the 

etiology of at least some ovarian and breast cancer cases.   

 The hereditary breast ovarian cancer syndrome (HBOC) is an established genetic 

disorder that predisposes to both ovarian and breast cancers among members of the same 

family (Lynch et al., 1978; Go et al., 1983; Piver et al., 1984; Schildkraut et al., 1989).  

The majority of HBOC syndrome families are linked to the breast cancer susceptibility 

genes BRCA1 and BRCA2 (Hall et al., 1990; Miki et al., 1994; Wooster et al., 1995). 

It is in this setting that the association between early age at breast cancer diagnosis and 

the presence of bilateral breast cancer has been most clearly linked to hereditary breast 

and ovarian cancer susceptibility.    

 In addition, one of the most potent predictors of the likelihood of identifying a 

BRCA1 or BRCA2 mutation in a high-risk family is the presence of a family member 

with separate primary cancers of both the breast and the ovary (Fishman et al., 2000; 

Shih et al., 2000).  Lynch et al., (1999) have reported that in addition to an increased risk 

of ovarian cancer, women who carry BRCA1 mutations have an increased incidence of 

bilateral breast cancer with a second primary breast cancer occurring in 40% to 60% of 

patients.  Additionally, Frank et al. (1998) reported that women with breast cancer who 

carry mutations in BRCA1 or BRCA2 have a ten-fold increase in the risk of subsequent 

ovarian cancer compared with women without mutations.  The fact that women in the 
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BCDDP Follow-up Study with a personal history of breast cancer displayed a 1.5-fold 

increase in the risk of ovarian cancer (95% CI: 1.1-2.0) provides additional support for 

the hypothesis that one component of the association between breast and ovarian cancer 

described herein is a true genetic predisposition.  Further support is provided by the 

observation that in this study, women with a personal history of breast cancer had 3.5 and 

2.6 fold excess risks of ovarian cancer if they had a first-degree relative with an early age 

at breast cancer diagnosis and bilateral breast cancer, respectively.   Moreover, women 

with a personal history of breast cancer and with 2 or more first-degree affected relatives, 

at least one of whom had bilateral breast cancer or younger age at breast cancer 

diagnosis, had significantly higher risks.  Together, this set of findings is quite consistent 

with what was known previously about the familial occurrence of breast and ovarian 

cancer.  Our report is distinctive, however, in having been able to demonstrate this 

pattern in a cohort of women that approximates the general population.   

  

Methodologic Considerations and Limitations  

 Several methodologic issues need to be considered in interpreting our results. We 

attempted to maximize ascertainment of endometrial or ovarian cancer cases by 

identifying cases through the National Death Index (death certificates), pathology reports, 

and by means of linkage to state cancer registries for all study participants.  In spite of 

these efforts, there is undoubtedly some under-ascertainment of endometrial or ovarian 

cancer cases in the BCDDP Follow-up Study.  For example, not every state has a 

population-based cancer registry against which the members of our cohort could be 

matched.  The BCDDP cancer linkage records were sent to 27 state cancer registries, and 
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we were able to link our data to 19 states due to the restrictions imposed by some cancer 

registries.  If a cohort member died in one of the states lacking a registry or where the 

data could not be linked, and this person had failed to notify the study team of their 

having developed a new endometrial or ovarian cancer, such cases would be missed if 

they didn’t die of the cancer.  

 A biased rate ratio could result if under-ascertainment of cases were related to the 

“exposure” being investigated, i.e., to the family history of breast cancer.  The difference 

in response to the phase II, III, and IV questionnaires between participants with and 

without a first-degree family history of breast cancer at the baseline was one percentage 

point for phases II (84 percent and 85 percent, respectively), III (73 and 74 percent), and 

IV (70 and 69 percent).  To affect the estimate of the true relative risk meaningfully, the 

proportion of cases ascertained in the exposed and unexposed groups would have to 

differ appreciably or be small percentages of all cases, including the cases that could not 

be ascertained, in each group. 

 Non-differential misclassification of exposure (i.e., a positive family history of 

breast cancer) would bias estimates of the rate ratio toward the null value.  Several 

sources of misclassification of exposure should be considered in this study:  

1) Because of the gaps between questionnaires (i.e., a 6-year gap between phase II 

and phase III, and a 3-year gap between phase III and phase IV), we had to 

estimate the age of the respondent at the time a positive family history first 

developed. Family history of breast cancer was handled as a time-dependent 

variable in the current analysis for both the cases and non-cases.  Age at the time 

family history status changed was defined as the midpoint between the first report 
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of exposure and the prior interview.  This should lead to a non-differential 

misclassification of exposure;   

2) Our study is also subject to the possibility of recall bias. Some of the information 

on family history of breast cancer was obtained prospectively, but some was 

obtained after diagnosis of endometrial or ovarian cancer.  However, a 

methodological study found no difference in the reporting of breast cancer in 

family members between women with and without breast cancer (Parent et al., 

1997).  It is unlikely recall would differ between women with and without breast, 

ovarian, or endometrial cancer. 

3) In addition, in our study, no attempt was made to obtain objective verification of 

the breast cancers that were reported by study participants to have occurred 

among their relatives.  However, prior studies have shown that the accuracy of 

reported occurrences of breast cancer in family studies, is very high, in the range 

of 83%-95% (Eerola et al., 2000; Douglas et al. 1999; Kerber and Slattery, 1997; 

Parent et al., 1997; Love et al. 1985); family history report of breast cancer in a 

second-degree relative is somewhat less accurate (Love et al., 1985; Theis et al., 

1994).  We are therefore only reasonably confident regarding the reliability of the 

reported second-degree family history information.   

4) With regard to age at relative’s diagnosis and unilateral versus bilateral breast 

disease, the prior literature on the accuracy of breast cancer family history did not 

assess the validity of such data. Also, we were not able to estimate the false-

negative rates (i.e., the frequency with which a respondent reported a negative 

 



 117

family history when, in fact, the family history was positive) and thus we could 

not account for this in our analyses. 

 One of the limitations of the family history data in our study is the fact that up 

through phase III, information was sought only for family history of breast cancer.  This 

made it impossible to assess whether any of the endometrial or ovarian cancer cases in 

our study occurred in families likely to be affected by other familial cancer syndromes.  

For example, endometrial and ovarian cancer are among the extra-colonic malignancies 

that occur excessively in persons with hereditary nonpolyposis colorectal cancer 

(HNPCC) (Watson and Lynch, 1993; Hakala et al., 1991; Bewtra et al., 1992).  This 

syndrome may also include a predisposition to breast cancer among members of the same 

family (Risinger et al., 1996; Scott et al., 2001).  Thus, it would be of interest to consider 

whether any of the association between ovarian and breast cancer seen in the present 

study might be attributable to the presence of women from families with a pattern of 

cancers suggestive of HNPCC.  Unfortunately, we were unable to investigate this in the 

entire cohort because no information was available regarding reported history of 

colorectal cancer among the relatives of study participants before phase IV.  However, 

we conducted an analysis of the association between ovarian cancer risk and first-degree 

family history of colorectal cancer, using the limited data available from the phase IV 

questionnaire and found no association (Appendix B, Table 13).  

 Although slightly more than half of our study participants were women with either a 

breast cancer diagnosis or a history of benign breast disease, our study results still seem 

to be pertinent to the general population.  These existing breast conditions did not 

confound the estimates of risk in our studies.  Adjustment for prior breast cancer 
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diagnosis or breast disease in both studies had no effect on the results.  Additionally, all 

of our analyses were adjusted for the effect of personal history of breast cancer.   

 

Conclusions 

 In summary, we found no overall association between a family history of breast 

cancer and endometrial cancer risk, but did find an association between a family history 

of breast cancer and ovarian cancer risk, which varied with the number of relatives 

affected, the age at breast cancer diagnosis, and whether the breast cancer was bilateral.  

Considering the typical features of various hereditary cancer syndromes: 1) early age of 

onset; 2) high incidence of multiple persons with cancer among family members, and 3) 

bilaterality in paired organs, these observed associations in our study support the 

hypothesis that shared genetic pathways are involved in the etiology of at least some 

ovarian and breast cancer cases and that the familial risk factor is sufficiently strong that 

it can be detected in the general population setting when an appropriately detailed family 

history is taken.   

 The most important consequence of our observations is the demonstration that a 

carefully taken family history in a cohort of women that approximates the general 

population can detect the clinical clues which would permit a thoughtful clinician to 

identify among all their patients with ovarian cancer that subset upon which a more 

detailed genetic risk assessment might be focused.  The women in our study were not 

recruited because of dramatic family histories, nor were they ascertained through the 

highly selected mechanism of attendance at a high-risk clinic.  The subjects in the current 

analysis resemble the majority of women who seek day-to-day medical attention from 
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their various health care providers.  Even in this setting, it appears that it is possible to 

identify persons with family history features suggestive of a familial or an inherited 

disorder.  Thus, even in the modern era of molecular biology, there remains an essential 

role for a careful family history in the management of women with ovarian cancer. 

 

Public Health Implications and Directions 

 Detecting a family history of cancer during the course of a clinical evaluation 

requires consideration of genetic, environmental, and behavioral contributions to that 

family’s cancer susceptibility.  The family history information can be used in the public 

health settings and the practice of preventive medicine to assess individual cancer risk.  

This may permit development and assessment of early detection and prevention strategies 

at both the population and individual level.  Several features of the family history 

information, such as the number of family members affected, the degree of relatedness 

among affected relatives, the occurrence of cancer at younger than usual ages, and the 

occurrence of cancer in both members of a set of paired organs can lead an alert clinician 

to consider the possibility that an inherited cancer susceptibility may be present.   

 Quantitative, cancer site-specific models that incorporate these characteristics of the 

family history data with the information on environmental and behavioral risk factors are 

now being developed, and seem likely to result in significant improvements in objective 

risk assessment.  For example, the so-called “Gail Model” for estimating breast cancer 

risk (which was developed using data from the original BCDDP study, using multivariate 

logistic regression techniques) incorporates family history of breast cancer (number of 

first-degree relatives with breast cancer), current age, age at first menses, and age at first 
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birth to estimate the risk of breast cancer (Gail et al., 1989).  This model was successfully 

used to define participant eligibility for the recently reported Breast Cancer Tamoxifen 

Prevention Trial (Fisher et al., 1998).    

 An alternate model, known as “BRCAPRO,” uses full pedigree structure data and 

data on specific transmission patterns, estimates of gene frequency and penetrance, to 

develop a Bayesian estimate of the probability of carrying a mutation in BRCA1 and 

BRCA2 (Berry et al., 1997).  This model does not include traditional breast cancer risk 

factors, but it is currently being used in many high-risk breast/ovarian cancer clinics, as 

part of the genetic counseling process.  These quantitative tools represent a more formal 

and objective means of assessing the information, which can be obtained by interviewing 

a patient, and then using that information to develop an estimate of cancer risk.  Our data 

suggest that a carefully taken family history, with attention paid to the clinical clues 

which suggest the presence of an inherited cancer susceptibility, may be able to identify 

high-risk women in the general population setting.  Once identified, these women may be 

targeted for appropriate surveillance and risk-reduction strategies.  Some may be 

candidates for more formal genetic risk assessment, and consideration of germline 

mutation testing for the presence of BRCA1/BRCA2 mutations. 

 However, the family history information must be used with care, since women may 

be unaware of their family history, or fail to provide the correct information, thereby 

creating a false negative report.  As means to reduce the false negative reports, educating 

the public regarding the importance of family history information, and the use of 

standardized and validated family history tools by clinical and public health practitioners 
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should be considered.  An ideal risk assessment model would stratify the population into 

average, moderate, and high-risk groups with regard to their risk of cancer.   

 Our studies suggest that family history of breast cancer is an important predictor of 

ovarian cancer risk.  This implies that clinicians who are caring for women with a family 

history of breast cancer, in particular, in two or more first-degree relatives should monitor 

their patient’s risk of ovarian cancer.  In addition, health care providers who are caring 

for women with ovarian cancer may find it useful to consider carefully the details of 

breast cancer occurrence among their patients’ relatives, as they search for clinically 

useful clues to the etiology of these cancers.        

 Primary care physicians, as gatekeepers to the health care system, should be trained 

to take accurate family histories in order to identify patients who may require a more 

detailed cancer genetic risk assessment and access to targeted preventive services.  

Acheson et al. (2000) have reported that family practice physicians discuss family history 

half of the time during new patient visits, and only 22% of the time during established 

patient visits.  The recognition of a hereditary predisposition to ovarian and breast cancer 

may have important management implications for both the patient and their relatives.  

Decisions regarding the use of exogenous hormonal medications, the advisability of risk-

reducing surgical options, the frequency and type of cancer surveillance, and the need to 

consider possible lifestyle modifications in an effort to reduce risk are all affected by the 

presence of a genetic cancer susceptibility disorder.  Through family history information, 

general practitioners are able to perform an initial genetic risk assessment, and then 

decide whether to refer or reassure the patient.    
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 Future Directions in Research  

Endometrial cancer  

 We failed to find as association between endometrial cancer risk and a family 

history of breast cancer.   However, because our study included very few younger or 

premenopausal women, a cohort study of women of all ages could provide additional 

useful information.  This question is not of sufficient scientific importance to warrant 

mounting such a study specifically to test this hypothesis.  Thus, it is likely that further 

data will only derive from the opportunistic analysis of cohorts established for other 

reasons.  In light of the current trend within cancer epidemiology towards the creation of 

larger and larger prospective cohort studies designed to address complex issues related to 

host/environmental interactions in cancer etiology, it is likely that such an opportunity 

will present itself at some point in the future. If a suitable cohort can be identified, we 

strongly recommend the use of time-dependent analytic techniques, for the reasons 

discussed earlier.  

  

Ovarian cancer  

 Our ovarian cancer analysis detected an association between a family history of 

breast cancer and the risk of developing ovarian cancer.  Furthermore, the results from 

our detailed family history analyses indicated a pattern consistent with the hereditary 

breast and ovarian cancer (HBOC) syndrome among some of our cases.  One possible 

way to confirm our results would be to compare the age-specific breast cancer incidence 

rates in the cohort of family members of the ovarian cancer cases with that of non-cases 

in a case-control or cohort study of ovarian cancer.  This method would require 
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information on the date of birth, current age, or age at death of unaffected female 

relatives as well as age at diagnosis of affected relatives.  This information was not 

available in our cohort study.   

 This methodologic and analytic approach is similar to that used by the Centers for 

Disease Control to investigate the familial risk of breast cancer in the Cancer and Steroid 

Hormone Study (CASH) (Claus et al., 1990).  A Cox proportional hazard model could be 

used to analyze time to onset of breast cancer among family members of the ovarian 

cancer cases and the controls.  We could further refine this analysis by taking into 

account the age of both the proband (ovarian cancer case) and her relatives or in relation 

to other risk factors of the proband.  These analyses would compare the hazard rates and 

age-specific estimates of cumulative risk of breast cancer to first- and second-degree 

female relatives of the ovarian cancer cases to the ones from controls.  Data from the 

CASH study could also be used to do similar analyses for ovarian cancer and family 

history of endometrial cancer.   

 In the same population-based case-control study, we could also re-evaluate the 

association between family history of breast cancer and ovarian cancer risk after 

controlling for carrier status for BRCA1 and BRCA2 genes.  The probability of carrying 

a mutation in BRCA1 or BRCA2 or both could be calculated for each case and control by 

use of Bayes theorem and Mendelian genetics, assuming an autosomal dominant 

transmission for both BRCA1 and BRCA2 genes (Berry et al., 1997; Parmigiani et al., 

1998).  Among predicted carriers and non-carriers, logistic regression could be used to 

assess the association between case or control status and family history of breast cancer.  

 



 124

In addition, we could calculate the estimates of age-specific ovarian cancer risk by 

predicted carrier status.   

 Although the hereditary breast and ovarian cancer syndrome has been associated 

with the breast cancer susceptibility genes, BRCA1 and BRCA2, a significant proportion 

(20%) of families, which show a hereditary pattern of susceptibility, i.e., early onset or 

family history of breast cancer, are in fact BRCA1- or BRCA2-negative (Schubert et al., 

1997; Shattuck-Eidens et al., 1997).  One possible explanation for this finding is that 

current testing methods do not detect all BRCA1 or BRCA2 mutations.  Alternatively, 

other unidentified genes may play a significant role in the etiology of breast and ovarian 

cancers in the BRCA1- BRCA2-negative families.  This has important implications for 

the cancer risk prediction models, which are based on actual BRCA1/BRCA2 mutation 

testing data (Struewing et al., 1997). In using such models, more research is required in 

the following areas: 

1) Identification of other major rare genes, e.g., “BRCA3”, or common susceptibility 

genes that play a role in ovarian cancer development; 

2) Development of more sensitive and specific tests that detect all pathological 

BRCA1 or BRCA2 mutations; 

3) Studies that demonstrate the joint effects of a variety of genes, including common 

susceptibility genes, which are in the causal pathways in the disease biology, and 

environmental factors, e.g., oral contraceptive use, in the development of ovarian 

cancer. 

 However, before this information becomes available, the family history data can be 

used as a proxy for shared genetic and environmental factors among family members.  At 
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this stage of our knowledge about the natural history of ovarian cancer, the family history 

information can be used in risk prediction models without consideration of “why” there is 

a family history.  The population parameter estimates of ovarian cancer risk associated 

with different patterns of family history, in studies such as ours, could be incorporated in 

risk prediction models similar to “Gail model”.  Such models should also include the risk 

ratios for other risk factors, e.g., age, parity, and hormone replacement therapy use, and 

baseline age-specific ovarian cancer hazard rate, to assess ovarian cancer risk.  The rates 

from population-based studies with greater number of cases from all age groups could be 

more informative for age-specific rate calculations.  As we learn more about the risk 

factors for ovarian cancer in new epidemiologic studies, these population-based estimates 

need to be updated and refined.  While any individual risk factor may be predictive of 

ovarian cancer, comprehensive risk prediction models that include family history 

information represent the combined influence of all risk factors (genetic, environmental, 

and behavioral) on the disease phenotype in multiple family members.  
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General Design 

 The purpose of our studies were to examine further the possible role of family 

history of breast cancer as a risk factor for endometrial and ovarian cancer, using the 

prospective cancer incidence data collected in the Breast Cancer Detection 

Demonstration Project (BCDDP) (Schairer et al. 2000) Follow-up Cohort Study.  This 

study was begun by the National Cancer Institute in 1979 and continued to 1998. 

 The Follow-up Study was conducted in four phases.  The first phase, carried out 

between 1979 and 1986, involved the administration of a baseline and up to six annual 

telephone interviews by the personnel at the BCDDP screening centers.  Between 1987 

and 1998, phase II (1987-1989), III (1993-1995), and IV (1995-1998) were conducted 

through self-administered mailed questionnaires to all participants not known to be dead.  

In addition, attempts were made to conduct follow-up interviews by telephone for all 

non-respondents to the mailed questionnaires. 

 All eligible BCDDP participants who were interviewed at baseline (1979-1980) are 

included in this cohort analysis.  Participants with a family history of breast cancer (i.e., 

the “exposure” of interest) will be compared with those without a family history of breast 

cancer with regard to their risk of developing endometrial or ovarian cancer. 

 

Study Population 

        The population for the Follow-up Cohort Study consists of a subset of the 

participants in the BCDDP, a breast cancer screening program that was designed to 

demonstrate to the medical profession and the public the benefits of screening in the early 

detection of breast cancer.  This project provided up to five annual breast examinations to 
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283,222 women at 29 screening centers in 27 cities throughout the United States.  More 

than 99 percent of the participants were between the ages of 35 and 74 with a median age 

of 50 years.  The majority of the participants were white (88.3%), with small percentages 

of blacks (5.3%) and Asians (3.0%). 

 The Follow-up Study was initiated by the National Cancer Institute in 1979.  

Women who had participated in the BCDDP, both those who completed all five annual 

screening visits as well as those who did not, were considered eligible for inclusion.  The 

Follow-up Study included the following four groups, on the basis of their status at their 

last screening visit: 1) all screening participants who received a recommendation for 

surgical consultation but did not have either a biopsy or aspiration performed (n=9,628); 

2) all subjects who had breast surgery performed during the screening program, with no 

evidence of malignant disease (n=25,114); 3) all subjects who were diagnosed with breast 

cancer (n= 4,275); and 4) a sample of women who were not recommended for surgical 

consultation and did not undergo a biopsy (n= 25,165). The total number of subjects in 

the cohort selected for follow-up was 64,182. The Special Studies Institutional Review 

Board at the National Cancer Institute approved the Follow-up Study, and appropriate 

informed consent was obtained from participants. 

 

Methods and Materials 

 The Follow-up Study was conducted in 4 phases.  The first phase was carried out 

between 1979 and 1986.  During this phase a baseline telephone interview (Form B) was 

administered by personnel at the BCDDP screening centers at the fifth year screening 

visit for those still enrolled in the screening project, or during the first year of the 
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Follow-up Study.  Subsequently, up to six annual telephone interviews (Form A) were 

administered each year to those who had completed a baseline interview.  The 

participants were mailed a letter a few weeks before each interview explaining the 

purpose of the Follow-up Study, the voluntary nature of participation in the study, and 

indicating that the participants would be contacted in the near future to answer questions 

on the enclosed forms. 

 Between 1987 and 1998, phase II (87-89), III (93-95), and IV (95-98) interviews 

were conducted through self-administered mailed questionnaires to all participants not 

known to be dead.  A letter describing the purpose of the study at each phase along with a 

medical records release form was included with the questionnaires.  Three weeks after a 

questionnaire was sent out, reminder postcards were sent to non-respondents.  Three 

weeks later, a second questionnaire was sent to those who didn't respond to the 

reminders.  In addition, attempts were made to conduct follow-up interviews by 

telephone for all non-respondents to the mailed questionnaires. Numerous efforts were 

made to locate study participants and to obtain vital status.  If respondents could not be 

traced by contacting neighbors or family members, other tracing mechanisms such as 

motor vehicle offices, the National Death Index, selected population-based tumor 

registries, the Health Care Financing Administration, and credit bureaus were used.  For 

all participants known to be deceased, death certificates were obtained through phase III; 

for phase IV, we used cause of death coding by the National Death Index (NDI).   

 The cohort was also linked to 12 state cancer registries with the last known address 

of each participant used as her state of residence.  In the ovarian cancer follow-up study, 

71% (n=35,412) of those who answered the baseline interview (n=49,975) and 73% 
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(n=30,882) of those who answered the phase II interview (n=30,882) were linked to state 

cancer registries.  In the endometrial cancer follow-up study, 71% (n=26,780) of those 

who answered the baseline interview (n=37,583) and 74% (n=23,324) of those who 

answered the phase II interview (n=31,569) were linked to state cancer registries.   

 Data on race, education, income, height and weight were available from screening 

visits between 1973-1979.  The information collected at the baseline interview (Form B - 

phase I) included the following:  

• age at menarche;  

• number of live births; 

• age at first live birth;  

• ever use of oral contraceptives (if yes: number of years taken and age at first use); 

• age at menopause; 

• ever use of female hormones other than birth control pills (if yes: reasons for use, 

number of years taken, and age at first use);  

• family history of breast cancer in specific blood relatives (mother, sister, 

daughter, grandmother, aunt) including the number in each category affected with 

breast cancer;  

• menopausal status (including date and reason for periods stopping) (menopause 

was defined as no period having occurred within the three months prior to 

interview); 

• removal of the uterus and/or ovaries (if yes: year of surgery); and  

• breast biopsy resulting in either benign or malignant diagnoses. 
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Information on all these factors, except for the first four variables was also collected in 

phases II-IV. 

 The following information that was not collected during phase I of the study, was 

collected during phases II, and III: 

• a more detailed family history of breast cancer, including an enumeration of all 

first and second-degree relatives (including half-sisters and both maternal and 

paternal lineage grandmothers and aunts), the relative's age at breast cancer 

diagnosis and information regarding whether the breast cancer was unilateral or 

bilateral; 

• ever use of estrogen and progestin pills in the same month (if yes: age at first use, 

total duration of use, and number of days in the month progestin pills were taken); 

• medical history, including diabetes, osteoporosis, bone fractures, new cancers 

(including date of diagnosis);  

• date of first diagnosis of ovarian cancer or endometrial cancer; 

• tobacco and alcohol use;  

• usual dietary habits and use of vitamins; 

• activity level; 

• physical parameters, including both “usual” and current adult height, weight and body 

shape. 

Information on all these factors, except for the last four variables was also collected in 

phase IV.  Finally, data regarding recent blood pressure, cholesterol, and age at last 

childbirth were available from phase III. 
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  Endometrial and ovarian cancer cases were identified through self-report on the 

follow-up questionnaires (phases II, III, and IV), pathology reports, death certificates, and 

State Cancer Registries.  Medical records and pathology reports were sought for 

participants who reported a cancer diagnosis and who had completed the medical release 

form during the follow-up period.  Nosologists reviewed the pathology reports and then 

coded the cancer diagnoses onto a pathology form according to standard ICD_O (179.0, 

179.9, 182.0) and ICD_9 (179X, 179.9, 182.0, 183.8, 183.9, 233.2) codes for endometrial 

cancer and ICD_O (183.0, 183.3, 183.4, 183.5, 183.8, 183.9) and ICD_9 (183.0, 183.3, 

183.4, 183.5, 183.8, 183.9, 236.2) codes for ovarian cancer.  For the endometrial or 

ovarian cancer cases identified by death certificate, the date of diagnosis was determined 

by death certificate if  'time since onset of the disease caused death' was specified or by 

date of diagnosis from State Cancer Registries.  Otherwise, other sources such as medical 

information from earlier interviews or date of bilateral oophorectomy/hysterectomy if the 

individual had this procedure done were used.   

 

Data Management 

        Data management for phase I interviews was handled by the Data Management and 

Analysis Center (DMAC) in Philadelphia and for phases II through IV was coordinated 

by WESTAT, INC. at the direction of the National Cancer Institute.  An automated 

management system was designed by WESTAT that incorporated the management of the 

mailings and receipt of the questionnaires, the tracing of the subjects, telephone interview 

follow-up, and the mailings for and receipt of the death certificates.  An additional system 

was used for the mail-out and receipt of medical records.  Quality control procedures 
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were observed throughout the entire Follow-up Study by using uniform and project-wide 

data collection forms, and trained interviewers and coders.  A COBOL edit program was 

devised to check all data for errors made in coding or keying the data, such as range or 

skip pattern errors.  In addition, WESTAT coordinated the retrieval of pathology reports 

and matching of the State Cancer Registry data to the study participants. 

 

Analytic Data Set 

 Endometrial cancer study response rates: Of the 64,182 subjects selected for 

participation in the Follow-up Study, 61,431 (95.7 percent) completed a baseline 

interview (Table 1).   Of those who had completed a baseline interview (phase I), 37, 583 

(62%) were eligible for the endometrial cancer study.  Women who had a hysterectomy 

(n=23,211) or endometrial cancer (n=637) before the baseline interview were excluded 

from this study.  Of 37, 583 eligible women, 31,568 (84%) completed the phase II 

interview, 27,526 (73%) completed the phase III and 26,225 (70%) completed the phase 

IV interview. 

 Ovarian cancer study response rates: Of the 61,431 participants who completed a 

baseline interview (Table 2), 49,975 (81%) were eligible for the ovarian cancer study. 

Women with bilateral oophorectomy (n=11,358), ovarian cancer (n=93), or death (n=5) 

before the baseline interview were excluded from the study.  Of 49,975 eligible women, 

42,069 (84%) completed the phase II interview, 36,624 (73%) completed the phase III 

and 34,826 (70%) completed the phase IV interviews. 

 Case definitions:  Due to methodologic advantages of different case definitions, I 

considered four options for each study (Tables 3-6).   Because 85 per cent of self-reported 

 
 



 141

endometrial cancers for which pathology reports were available were confirmed as 

cancers, in case definitions 1 and 2, the self-reported cancers for which pathology reports 

were not available are included as cases.  Also, in the ovarian cancer study, because 72 

per cent of self-reported ovarian cancers for which pathology reports were available were 

confirmed as cancers, in case definitions 1 and 2, the self-reported cancers for which 

pathology reports were not available are included as cases.  According to a correction 

formula for bias from the misclassification of disease status among non-confirmed cases 

(Brenner and Gefeller 1993), the corrected estimate of relative risk is not expected to be 

different from the uncorrected estimate.  This is due to the fact that the outcome 

misclassification (i.e., ovarian/endometrial cancer) among the non-confirmed cases is 

non-differential, i.e., independent of exposure status. 

 In case definition 1, cases were only identified before their last questionnaire date, 

whereas in case definition 2, cases were also identified after their last questionnaire date, 

through death certificates and state cancer registries.  Case definitions 3 and 4 are 

identical to case definitions 1 and 2, except that the self-reported cases that were not 

confirmed by pathology report or linkage to the State Cancer Registries are excluded.    

 Participants who completed a baseline interview with a prior endometrial cancer or 

hysterectomy or a prior ovarian cancer or bilateral oophorectomy were excluded from 

analysis in the endometrial and ovarian cancer studies, respectively.  The entry date for 

the participants was the date of completion of the baseline questionnaire (FORM B).  The 

exit date was one of the following based on the case definition: 1) case definitions 2 and 

4 - the earliest of the following dates: a) hysterectomy in endometrial cancer study or 

bilateral oophorectomy in ovarian cancer study, b) endometrial or ovarian cancer 
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diagnosis, c) study end date, which is the date of completion of phase IV questionnaire or 

for non-respondents to phase IV, the date that they would have completed phase IV if still 

alive, and d) date of death or State Cancer Registry diagnosis date if this date is < study 

end date; 2) case definitions 1 and 3 – the earliest of the following dates: a) hysterectomy 

in endometrial cancer study or bilateral oophorectomy in ovarian cancer study, b) 

endometrial or ovarian cancer diagnosis, c) last questionnaire date.  In the endometrial 

cancer Follow-up Study, considering exit dates one and two, 518,747 and 454,681 

person-years were accumulated for 37,583 subjects included in the analysis after the 

exclusion of endometrial cancer and hysterectomy cases that occurred prior to baseline 

interview.   The corresponding person-years in the ovarian cancer study were 715,914 

and 628,387 for 49,975 subjects included in the analysis after the exclusion of ovarian 

cancer and bilateral oophorectomy cases that occurred prior to baseline interview.    

 With regard to the main exposure, women who reported breast cancer in a sister, 

mother, and/or daughter are classified as having a 1st degree family history and those who 

reported a family history in grandmother, and/or aunt classified as 2nd degree family 

history.  We examined the following covariates in the analyses: age at menopause (all 

phases), age at menarche (baseline), menopausal status (all phases), attained age (all 

phases), body mass index (BMI: screening visits, II, III), hormone replacement therapy 

(HRT) and duration of use (all phases), oral contraceptive (OC) use (baseline), smoking 

(phase II and III), parity (baseline), diabetes (phases II-IV), and personal history of breast 

cancer (all phases).   
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Sample Size and Power 

 Table 7 indicates the estimated statistical power of the endometrial cancer Follow-

up Study.  This estimation considers exposure (breast cancer family history) prevalences 

of 22%, 28%, and 46% (derived from the BCDDP population after the exclusion of 

participants with unsure exposure status) corresponding to 1st degree, 2nd degree, and 1st 

or 2nd degree family history of breast cancer.   The power calculations were calculated for 

relative risks (RR) ranging from 1.2 to 1.5 with alpha equal to 0.05 (two sided) for study 

sizes of 503,408; 368,594; and 402,673 person-years after the exclusion of women with 

unknown breast cancer family history in each category of the exposure, and a rate of 130 

endometrial cancers per 100,000 person-years in the unexposed cohort.  For each 

exposure prevalence, power will be greater than 80% to detect a relative risk of 1.3. 

 Table 8 indicates the estimated statistical power of the ovarian cancer study.  This 

estimation considers exposure (breast cancer family history) rates of 22%, 28%, and 46% 

(derived from the BCDDP population after the exclusion of participants with unsure 

exposure status) corresponding to 1st degree history of breast cancer, 2nd degree history 

of breast cancer, and 1st or 2nd degree history of breast cancer.   The power calculations 

take into account relative risks (RR) ranging from 1.2 to 1.5 with alpha equal to 0.05 (two 

sided) for study sizes of 694,105; 506,929; and 554,867 person-years after the exclusion 

of women with unknown breast cancer family history in each category; and rate of 52 

ovarian cancers per 100,000 person-years in the unexposed cohort.  For each exposure 

prevalence rate, power will be about 80% or higher to detect a relative risk of 1.4. 

 

 

 
 



 144

Data Analyses 

  Choice of statistical model: The primary objectives of these analyses are to 

determine whether incidence rates of endometrial or ovarian cancer are higher in women 

with a family history of breast cancer than in women with no family history.  The 

statistical analysis was done by using Poisson regression (Breslow and Day, 1987), a 

model that is useful for studying rare diseases in a large cohort.  

  An essential feature of the analysis of cohort data is accounting for the time at risk 

of disease that is contributed by individuals while they are under observation.  This 

feature allows counting for incomplete follow-up of some of the study participants.  

Poisson regression is often applied in epidemiologic studies when employing a person-

time approach, which allows calculation of rates.  This statistical model allows for 

variability in follow-up times.  Follow-up time is incorporated into Poisson regression in 

the following way: subjects contribute person-years at risk only as long as they are under 

observation, and the person-years at risk are allocated to exposure categories in a time-

dependent manner. 

  While logistic regression is often used in the analysis of case-control and fixed (as 

opposed to dynamic) cohort studies, it does not account for variability in follow-up times 

and changes in covariate values over time.  In logistic regression, the implicit assumption 

is that each subject is followed for the same amount of time, or that differences in follow-

up time have no effect on the study findings.  In a study by Callas et al. (1998), 

comparing proportional hazards, Poisson, and logistic regression modeling of 

occupational cohort data, the logistic model provided less precise estimates than the other 

two.  In this follow-up cohort study, because of the lost-to-follow-up due to refusal to fill 
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out the questionnaire, inability to locate the study participants, and death, logistic 

regression is not the analysis of choice.   

  On the other hand, a Cox proportional hazards model that accounts for changes over 

time in study participants at risk and in covariates could also be a model of choice in the 

analysis of our data.  This model is used for the analysis of continuous survival time data 

and its underlying assumption is that at any given time, the hazard in those with a certain 

characteristic (exposed) is a multiple of some underlying hazard, e.g., the hazard in the 

unexposed.  However, this model analyzes each individual’s data versus a grouped data 

and is computationally very intensive.  We chose to use a Poisson regression model, 

which analyzes grouped data and yields the same results as a Cox proportional hazards 

model, in our study. 

  Poisson regression makes the assumption of exponential baseline survival time 

(dependent variable Y is a count that follows the Poisson distribution) and therefore it 

specifies that the magnitude of the rate (outcome variable) is an exponential function of a 

linear combination of covariates and unknown parameters:  

Events/person-time =Rate = exp (Bo + B1X1 + B2X2 +…+ BkXk ) 

log(rate) = Bo + B1X1 + B2X2 +…+ BkXk  

This model is implemented by stratifying counts of events (endometrial or ovarian 

cancer) and person-years of observation into a multi-dimensional table of exposure levels 

and covariates, and examining the incidence rates in the cells of the table.  By finer 

stratification of the variables, giving smaller cells, the approximation of the parameter 

estimates can be improved (Kelsey et al., 1996).  An additional assumption underlying 
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the use of this model is that disease rates are constant within each of the cells that make 

up the cross-classification of exposures and confounding variables.   

  Time-dependent variables considered in the analyses:  In these analyses, time-

dependent variables include attained age, diabetes, smoking, BMI, hypertension, personal 

history of breast cancer, menopausal status, female hormone use, and family history of 

breast cancer.  Family history variables were defined to indicate the age of the participant 

at the mid-point between first report of exposure and the prior interview.  Other time-

dependent variables were defined based on the age that the participant reported that 

exposure or was diagnosed with that exposure.   

  For example, if a subject reported a female family member with breast cancer on 

the phase II interview, the time-dependent family history variable would be set to the age 

of the participant at the mid-point between phase II interview and the prior Form A 

interview.  Participants with no reported family history would be coded 999 for this 

variable.   

  In addition, time-dependent variables were created to indicate a 2nd relative of that 

type with breast cancer.  If a subject reported one sister with breast cancer on baseline 

interview (lifetime family history) and another sister with breast cancer on the final Form 

A and the phase II interview (lifetime family history) indicated 2 sisters with breast 

cancer, then the “at least 2 sisters with breast cancer” variable would be set to the age at 

the mid-point between the final Form A and the prior Form A reports and to 999 

otherwise, whereas the other time-dependent variable would be set to the age of the 

baseline report. 
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  Another example of a time-dependent variable such as diabetes is illustrated here by 

the manner in which participants were classified.  The diabetes variable was created 

based on the month and year of the first diagnosis reported in phases II-IV.  A time-

dependent variable of diabetes considers the age of individual at first diagnosis of 

diabetes.  In addition, another time-dependent variable indicates the age at first time they 

are ‘unknown if diabetes.’  For the first variable, the age at first diagnosis was coded if 

they had diabetes and 999 was coded if never had diabetes.  For the unknown variable, 

age at first time they were ‘unknown if diabetes’ was coded and 999 was coded if never 

had diabetes or had diabetes.  The same method was used to create all the other time-

dependent variables. 

  Person-year allocations in the statistical models: Person-years were allocated into 

the cells of attained age at each year throughout the follow-up period (i.e., 0-49, 50-54, 

55-59,60-64, 65-69, 70-74, >74).  Person-years were also classified according to whether 

the participants in the Follow-up Studies had a family history of breast cancer (exposure 

of interest) or were exposed to other factors.  Throughout the Follow-up Study, a 

participant could contribute person-years to more than one cell.  The following example 

illustrates how the person-years would be allocated for women who entered the study at 

the age of 50, reported a first-degree female family member with breast cancer on the 

phase II interview at the age of 57 (i.e., they are 56 years old at the mid-point between the 

last Form A and phase II interviews), and exited the study (e.g., diagnosed with 

endometrial or ovarian cancer) at the age of 65.  All person-years prior to the age of 56 

were included in the unexposed categories of the 50-54 and 55-59 attained age cells and 

all person-years after the age of 56 (including 56) were included in the exposed 
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categories of the 55-59, 60-64, and 65-69 attained age cells.   In addition, the number of 

events (e.g., endometrial or ovarian cancer) was allocated to this latter cell.  

 
|   UNEXPOSED   | |   EXPOSED  (event) 
 
50 (age)    55 56 57    63 65  
  |________|___׀__׀__׀__׀__׀__׀__׀__|___׀__׀__׀__׀__׀__׀__|

|    |  |   |     | 
Baseline Form A Phase II   Phase III  Phase IV 
|      |     | 
25 kg/m2   27 kg/m2  28 kg/m2 

  Now, let’s assume that we are also interested in including another time-dependent 

variable such as BMI and a non-time-dependent variable such as race in the model.  The 

BMI time-dependent variable was created based on the following categories: <22.05, 

22.06-25.07, 25.08-27.85, 27.86-32.06, >32.06, and unknown.  The race variable was 

categorized as white, Hispanic, black, and other, and the first-degree family history 

variable included no first-degree family history, first-degree family history, and unknown 

first-degree family history categories.  Different categories of each variable are indicated 

by numerical numbers, e.g., BMI less than 22.05 was denoted by 1, and the unknown 

category by 6.  For ten women with the characteristics shown in the diagram above, who 

were also white with a BMI of 25 kg/m2 at the baseline (age of 50), BMI of 27 kg/m2 on 

phase II (age of 57), and BMI of 28 kg/m2 on phase III (age of 63), the following cross-

classifications for person-year and event calculations are indicated. 

  As shown in Table 9, for these ten women, 60 person-years were allocated to the 

unexposed category (no first-degree family history) and 90 person-years to the exposed 

category (first-degree family history).  In each of these exposure groups, person-years 

were also allocated to different attained age and BMI categories. 
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 The unadjusted rate ratio of the association between endometrial or ovarian cancer 

risk and first-degree family history can be calculated by division of the rate among 

exposed by the rate among unexposed.  In this example, women who exited the study due 

to endometrial or ovarian cancer diagnosis also had a first-degree family history of breast 

cancer.  In the BCDDP dataset, there were cases of endometrial or ovarian cancer among 

the unexposed group as well, so the number of events in this group was not zero. 
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Table 1.  Cohort selection in the BCDDP endometrial cancer Follow-up Study 

 
Recruitment (1973-75)   283,222 Screenees 
 
 __________________________________________________________________ 
Selected for 
Follow-up ÷  Cancers  Benigns    Recommended Normals     Total 
    4,275  25,114   9,628    25,165 = 64,182  
   ∴  ∴  ∴     ∴  ∴ 
 
 __________________________________________________________________ 
Answered ÷  3,729  24,403  9,103    24,196 = 61,431 
baseline interview 
(1979-85) 
 
Eligible for ÷  2,333  14,289  5,825   15,136 = 37,583 
EC study 
 
 
 
 

Table 2.  Cohort selection in the BCDDP ovarian cancer Follow-up Study 

 
Recruitment (1973-75)   283,222 Screenees 
 
 __________________________________________________________________ 
Selected for 
Follow-up ÷  Cancers   Benigns  Recommended Normals     Total 
    4,275   25,114  9,628    25,165 = 64,182  
   ∴ ∴  ∴    ∴  ∴ 
 
 __________________________________________________________________ 
Answered ÷  3,729   24,403   9,103    24,196 = 61,431 
baseline interview 
(1979-85) 
 
Eligible for ÷  3,010   19,750  7,531  19,684 = 49,975 
OC study 
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Table 3.  Definition of cases and their exit dates in endometrial cancer Follow-up 
Study 
________________________________________________________________________ 

Case definitions      Exit dates 
________________________________________________________________________ 

Case 1: any self report (excluding those contradicted Exit 1 - The earliest of the  
by pathology), path report, or either state cancer   following dates: a)  
registry report before last questionnaire date.   hysterectomy, b) 
         endometrial cancer diagnosis 

(dx), c) last questionnaire 
date. 

 
Case 2: any self report (excluding those contradicted Exit 2 - The earliest of the by 
by pathology), path report, or either cancer registry  following dates: a) 
report before last questionnaire date, or death before  hysterectomy, b)  
end date.       endometrial cancer dx, c) 

study end date, d) date of 
death or state cancer 
registry dx date if this date is  
<  study end date. 

 
Case 3: confirmed self report (excluding those contra- Exit 3 - Same as Exit 1. 
dicted by pathology), path report, or state cancer  
registry report before last questionnaire date. 
  
Case 4: confirmed self report (excluding those contra- Exit 4 - Same as Exit 2. 
dicted by pathology), path report, or either cancer  
registry report before last questionnaire date, or death  
before end date. 
________________________________________________________________________ 
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Table 4.  Number of cases by different identification sources and case definitions in 
the BCDDP endometrial cancer Follow-up Study  
 
 
       Case Definitions 
Sources of Cases   Case 1    Case 2   Case 3  Case 4  

 
 Self report (no pathology   47   47     0      0 
 & no state registry)  
 Self-report & pathology   404  404  404  404 
 Pathology report only    39   39   39    39 
 Death certificate, no state      0  31     0    31 
 registry* 
 Self report & state registry     16  16   16    16 
 Death certificate & state          0  16     0    16 
 State registry only                           36  95   36    95 
 
Total      542 648  495   601 
*one self-reported case was included. 
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Table 5. Definition of cases and their exit dates in the ovarian cancer Follow-up 
Study 
________________________________________________________________________ 
Case definitions      Exit dates 

________________________________________________________________________ 
Case 1: any self report (excluding those contradicted Exit 1 - The earliest of the  
pathology), path report, or state cancer registry   following dates : a) bilateral  
report before last questionnaire date.    oophorectomy, b) ovarian 

cancer diagnosis (dx), c) last 
questionnaire date    

 
Case 2: any self report (excluding those contradicted Exit 2 - The earliest of the 
by pathology), path report, or either cancer registry  following dates: a) bilateral  
report before last questionnaire date, or death before  oophorectomy, b) ovarian  
end date.       cancer diagnosis, c) study    
         end date, d) date of death or 

state cancer registry dx date 
if this date is < study end 
date. 

 
Case 3: confirmed self report (excluding those contra- Exit 3 - Same as Exit 1. 
dicted by pathology), path report, or state cancer  
registry report before last questionnaire date. 
 
Case 4: confirmed self report (excluding those contra- Exit 4 - Same as Exit 2. 
dicted by pathology), path report, or either cancer  
registry report before last questionnaire date, or death  
before end date. 
_______________________________________________________________________ 
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Table 6.  Number of cases by different identification sources and case definitions in 
the BCDDP ovarian cancer Follow-up Study  
 
 
 
Sources of Cases   Case 1    Case 2   Case 3  Case 4   
 
 Self report (no pathology    20   20      0       0 
 & no state registry)  
 Self-report & pathology   140  141  140  141 
 Pathology report only       5   5    5   5 
 Death certificate, no state      0 107      0        107 
 registry* 
 Self report & state registry  4  4    4  4 
 Death certificate & stateϕ  7  46    7          46 
 State registry only                            21  39    21   39 
 
Total      197 362  177   342 
* 2 self-reported cases were included; ϕ 6 self-reported cases were included. 
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Table 7.  Power calculation in the BCDDP endometrial cancer Follow-up Study 

 
 
Prevalence of  Rate  Endometrial cancer Person-years* Power  
breast cancer  Ratio  rate (per 100,000)    (%)   
family history (%)   among unexposed ϕ    
________________________________________________________________________
22 (1st degree relative) 1.2   130  503,408     54   
   1.4   130  503,408   97 
   1.5   130  503,408   100 
 
28 (2nd degree relative) 1.2   130  368,594  48 
   1.3   130  368,594  80 
   1.4   130  368,594  95 
   1.5   130  368,594  99 
 
46 (1st and or 2nd degree) 1.2   130   402,673  59 
   1.3   130  402,673   89 
   1.4   130  402,673  99 
   1.5   130  402,673  100 
alpha = 0.05 (two-sided);  ϕ unexposed = participants without a 1st or 2nd  degree family history of BC;  
* After the exclusion of women with unsure BC family history information. 
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Table 8.  Power calculation in the BCDDP ovarian cancer Follow-up Study 
 
 
Prevalence of breast  Rate  Ovarian cancer  Person-years* Power (%) 
cancer family history ratio rate (per 100,000) 
(%)     among unexposed  ϕ  
_______________________________________________________________________ 
22 (1st degree relative) 1.2  52   694,105  34    
    1.4  52   694,105  83 
    1.5  52   694,105  95 
 
28 (2nd degree relative) 1.2  52   506,929   30 
    1.3  52   506,929  55 
    1.4  52   506,929  78 
    1.5  52   506,929   91 
 
46 (1st or 2nd degree) 1.2  52    554,867  37 
    1.3  52   554,867  66 
    1.4  52   554,867  88 
    1.5  52   554,867  97 
alpha = 0.05 (two-sided);  ϕ unexposed = participants without a 1st or 2nd  degree family history of BC;  
* After the exclusion of women with unsure BC family history information. 
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Table 9.  An example of the person-year tabulation in the calculation of rate ratios in 
Poisson regression models used in the BCDDP follow-up studies 
 

Never 1st degree Family History 

Attained age BMI Race Person-years Number of events 

0-49 --- --- --- --- 

>49-54 2 1 10 x  4 years 0 

>54-59 2 1 10 x  2 year 0 

>59-64 --- --- --- --- 

>64-69 --- --- --- --- 

>69-74 --- --- --- --- 

>74-120 --- --- --- --- 

Total    10 x  6 years 
 

0 

Ever 1st degree Family History 

0-49 --- --- --- --- 

>49-54 --- --- --- --- 
 

>54-59 2 
 
3 

1 
 
1 

10 x  1 year 
 

10 x  2 years 
 

0 
 
0 

>59-64 3 
 
4 
 

1 
 
1 

10 x  4 years 
 

10 x  1 year 
 

0 
 
0 

>64-69 4 1 10 x  1 year 
 

10 

>69-74 --- --- --- --- 

>74-120 --- --- --- --- 

Total    10 x  9 years 
 

10 
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Table 1.  Rate ratios (RR) of endometrial cancer associated with selected factors in 
BCDDP endometrial cancer Follow-up Study, 1979-1998  
 
 
Risk factor 

No. of 
Person-Years 

No. of Cases 
(n=648) 

RR* (95% CI) 

Attained age (yrs) 
   <50 
   50-54 
   55-59 
   60-64 
   65-69 
   70-74 
   75+ 

 
  47,881 
 72,040 
100,680 
101,318 
 82,058 
 55,842 
 58,927 

 
  15 
  50 
102 
144 
144 
  99 
  94 

 
   1.0 (reference) 

1.4 (0.8-2.7) 
1.5 (0.8-2.9) 
1.8 (0.9-3.4) 

      2.0 (1.0-3.8) 
1.9 (1.0-3.7) 
1.8 (0.9-3.4) 

Education 
   <High school 
   High school 
   Some college 
   College graduate + 
   Unknown 

 
 61,610 
209,637 
121,173 
122,025 
   4,302 

 
  68 
253 
167 
155 
   5 

 
    1.0 (reference) 

1.1 (0.9-1.5) 
1.2 (0.9-1.7) 
1.2 (0.9-1.6) 
1.1 (0.4-2.7) 

Race 
   White 
   Hispanic 
   Black 
   Other 

 
451,128 
 11,692 
 19,998 
 35,930 

 
588 
 13 
   8 
 39 

 
    1.0 (reference) 

1.0 (0.6-1.7) 
      0.3 (0.2-0.7) 

1.0 (0.7-1.3) 
Body mass index 
(kg/m2) 
   <22.05 
   22.06-25.07 
   25.08-27.85 
   27.86-32.06 
   32.07+ 
   Unknown 

 
 

185,058 
154,982 
 80,203 
 53,369 
 26,508 
 18,625 

 
 

174 
195 
106 
  80 
  67 
 26 

 
 

  1.0 (reference) 
     1.4 (1.1-1.7) 
     1.5 (1.1-1.9) 
     1.7 (1.3-2.2) 
     3.3 (2.5-4.4) 
     1.5 (1.0-2.3) 

Parity 
   0 
   1 
   2 
   >3 

 
 79,425 
 63,325 
151,881 
224,116 

 
139 
  82 
203 
224 

 
  1.0 (reference) 

     0.8 (0.6-1.0) 
     0.8 (0.7-1.0) 
     0.6 (0.5-0.8) 

Oral contraceptive use 
   Never 
   Ever 
   Unknown 

 
364,369 
153,724 
      654 

 
515 
132 
   1 

 
   1.0 (reference) 
   0.7 (0.6-0.9) 

     0.9 (0.1-6.1) 
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Table 1.  Rate ratios (RR) of endometrial cancer associated with selected factors in 
BCDDP endometrial cancer Follow-up Study, 1979-1998  
 
 
Risk factor 

No. of 
Person-Years 

No. of Cases 
(n=648) 

RR* (95% CI) 

Duration of oral  
contraceptive use 
   No use 
   <3 
   3-<9 
   >9 
   Unknown 

 
 

364,967 
 73,976 
 50,216 
 25,776 
 3,182 

 
 

516 
  81 
  31 
  13 
    7 

 
 

1.0 (reference) 
    0.9 (0.7-1.1) 
    0.6 (0.4-0.8) 
    0.4 (0.3-0.8) 
    1.5 (0.7-3.2) 

Estrogen/estrogen- 
progestin (ERT-PRT) use 
   No use 
   Estrogen only 
   Estrogen-progestin/ 
   PRT (estrogen unknown) 
   Progestin only 
   Unknown 

 
 

303,995 
 91,118 
 82,416 

 
    3,971 
37,247 

 
254 
205 
156 

 
  5 
28 

 
 

 1.0 (reference) 
   Ψ 2.4 (2.0-2.8) 
   Ψ 2.2 (1.8-2.7) 

 
   Ψ 1.7 (0.7-4.2) 
   Ψ 0.9 (0.6-1.3) 

Duration of estrogen  
only use (yrs) 
   No use 
   <8 
   8-<16 
   >16 
   Unknown 

 
 

288,904 
 78,964 
 11,591 
   2,937 
12,716 

 
 

222 
117 
  59 
  33 
  28 

 
 

    1.0(reference) 
  1.8 (1.4-2.3) 
  6.4 (4.7-8.6) 
  15 (9.9-22) 

    2.7 (1.8-4.1) 
Hypertension 
   Never 
   Ever 
   Unsure 

 
459,856 
 47,732 
11,160 

 
548 
  77 
  23 

 
1.0 (reference) 

    1.0 (0.8-1.3) 
    1.1 (0.7-1.7) 

Diabetes 
   Never 
   Ever 
   Unknown 

 
492,344 
 11,695 
14,708 

 
604 
  19 
  25 

 
 1.0 (reference) 

      0.9 (0.6-1.5) 
      1.1 (0.7-1.6) 

Smoking 
   Never 
   Current 
   Former 
   Unsure 

 
321,55 
 60,175 
134,986 

 2,024 

 
394 
  43 
206 
   5 

 
 1.0 (reference) 

     0.7 (0.5-0.9) 
     1.1 (0.9-1.3) 
     1.5 (0.6-3.7) 

Personal history of  
breast cancer 
   Never 
   Ever 

 
 

468,590 
50,157 

 
 

567 
  81 

 
 

 1.0 (reference) 
     1.3 (1.1-1.7) 
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Table 1.  Rate ratios (RR) of endometrial cancer associated with selected factors in 
BCDDP endometrial cancer Follow-up Study, 1979-1998  
 
 
Risk factor 

No. of 
Person-Years 

No. of Cases 
(n=648) 

RR* (95% CI) 

Age at menarche (yrs) 
   <11 
   11-12 
   13-14 
   >14 
   Unknown 

 
  18,391 
193,246 
239,642 
 64,044 
  3,424 

 
  23 
267 
291 
 58 
  9 

 
  1.0 (reference) 

     1.1 (0.7-1.7) 
     1.0 (0.6-1.5) 
     0.7 (0.5-1.2) 
     2.8 (1.3-6.1) 

Age at first live birth 
   <25 
   25-29 
   30-34 
   35-39 
   >40 

 
252,127 
131,296 
  41,033 
  12,118 
  2,185 

 
288 
152 
  54 
  13 
    1 

 
     1.0 (reference) 
     1.0 (0.8-1.2) 
     0.9 (0.7-1.3) 
     0.8 (0.4-1.4) 
     0.3 (0.0-2.2) 

Age at last birth 
   <30 
   30-34 
   35-39 
   >40 
   Unknown 

 
136,404 
105,768 
   58,139 
   16,306 
195,004 

 
165 
132 
  59 
    5 
272 

 
   1.0 (reference) 

       1.1 (0.9-1.4) 
0.8 (0.6-1.1) 
0.2 (0.1-0.6) 

     1.1 (0.9-1.4)  
Menopausal status 
   Pre-menopause 
   Menopause 
   Unknown 

 
   65,740 
437,138 
15,869 

 
 24 
608 
  16 

 
  1.0 (reference) 

     1.4 (0.9-2.3) 
     1.1 (0.6-2.6) 

Age at natural  
Menopause 
   <48 
   48-49 
   50-51 
   52-54 
   >54 
   

 
 

104,401 
  81,253 
 99,727 
106,507 
  34,246 

 

 
 

133 
  94 
138 
140 
  65 

 
 

 1.0 (reference) 
     1.0 (0.8-1.3) 
     1.2 (1.0-1.6) 
     1.2 (0.9-1.5) 
     1.6 (1.1-2.1) 

*All analyses are adjusted for attained age, menopausal status, BMI, duration of estrogen use, 
parity, and personal breast cancer diagnosis.  If the risk factor included one of these factors, that 
variable was taken out of the model.  
Ψ Relative risks were not adjusted for duration of estrogen use. 

  



 162

Table 2.  Prevalence of first-degree family history of breast cancer according to selected 
factors in BCDDP endometrial cancer Follow-up Study, 1979-1998  
 

 
 
Risk factor 

Never 1st degree 
family history of  
breast cancer (%) 

Ever 1st degree  
family history of  

breast cancer  (%) 

Unsure 1st degree 
family history of  
Breast cancer (%) 

Total  
person- 
years 

Attained age (yrs) 
   <50 
   50-54 
   55-59 
   60-64 
   65-69 
   70-74 
   75+ 

 
85.0 
83.1 
81.6 
80.3 
78.9 
77.7 
75.7 

 
14.0 
15.4 
16.5 
17.7 
19.0 
20.1 
21.8 

 
1.0 
1.6 
1.9 
2.0 
2.1 
2.2 
2.5 

 
  47,881
  72,040
100,680
101,318
  82,058
  55,842
  58,927

Education 
   <High school 
   High school 
   Some college 
   College graduate + 
   Unknown 

 
81.6 
80.7 
80.1 
79.7 
72.7 

 
16.3 
17.3 
18.0 
18.6 
25.2 

 
2.1 
2.0 
1.9 
1.7 
2.0 

 
  61,610
209,637
121,173
122,025
    4,302

Race 
   White 
   Hispanic 
   Black 
   Other 

 
79.7 
85.2 
83.7 
84.6 

 
18.3 
12.5 
14.5 
13.8 

 
1.9 
2.3 
1.7 
1.6 

 
451,128
  11,692
  19,998
  35,930

Body mass index 
(kg/m2) 
   <22.05 
   22.06-25.07 
   25.08-27.85 
   27.86-32.06 
   32.07+ 
   Unknown 

 
 

81.1 
80.3 
79.8 
79.6 
78.8 
79.6 

 
 

17.3 
17.6 
18.2 
18.1 
19.0 
18.6 

 
 

1.6 
2.1 
2.0 
2.3 
2.2 
1.8 

 
 
185,058
154,982
  80,203
  53,369
  26,508
  18,625

Parity 
   0 
   1 
   2 
   >3 

 
80.2 
81.1 
80.4 
80.2 

 
17.8 
17.0 
17.7 
17.9 

 
1.9 
1.9 
1.9 
1.9 

 
  79,425
  63,325
151,881
224,116

Oral contraceptive 
use 
   Never 
   Ever 
   Unknown 

 
 

80.1 
80.9 
70.2 

 
 

17.9 
17.2 
17.3 

 
   

1.9 
1.9 

         12.5 

 
 
364,369
153,724
       654
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Table 2.  Prevalence of first-degree family history of breast cancer according to selected 
factors in BCDDP endometrial cancer Follow-up Study, 1979-1998  
 

 
 
Risk factor 

Never 1st degree 
family history of  
breast cancer (%) 

Ever 1st degree  
family history of  

breast cancer  (%) 

Unsure 1st degree 
family history of  
Breast cancer (%) 

Total  
person- 
years 

Duration of oral  
contraceptive use 
   No use 
   <3 
   3-<9 
   >9 
   Unknown 

 
 

80.1 
80.6 
80.6 
82.3 
82.3 

 
 

18.0 
17.6 
17.6 
15.6 
14.7 

 
 

1.9 
1.8 
1.8 
2.1 
3.0 

 
 
364,967
  73,976
  50,216
  25,776
    3,182

Estrogen/estrogen- 
progestin (ERT-PRT) use 
   No use 
   Estrogen only 
   Estrogen-progestin/ 
   PRT (estrogen unknown) 
   Progestin only 
   Unknown 

 
 

80.8 
80.7 
79.8 

 
79.7 
77.2 

 
 

17.6 
17.4 
17.7 

 
17.8 
20.0 

 
1.6 
1.9 
2.5 

 
2.5 
2.8 

 
 

303,995
  91,118
  82,416
 
    3,971
  37,247

Duration of estrogen  
only use (yrs) 
   No use 
   <8 
   8-<16 
   >16 
   Unknown 

 
 

80.7 
81.8 
77.6 
77.0 
79.0 

 
 

17.6 
16.4 
20.5 
21.0 
18.7 

 
 

1.6 
1.8 
1.9 
2.0 
2.3 

 
 

288,904
  78,964
  11,591
    2,937
  12,716

Hypertension 
   Never 
   Ever 
   Unsure 

 
80.6 
79.0 
75.0 

 
17.5 
18.5 
22.3 

 
1.8 
2.5 
2.9 

 
459,856
  47,732
  11,160

Diabetes 
   Never 
   Ever 
   Unknown 

 
80.6 
75.6 
77.4 

 
17.6 
21.8 
19.3 

 
1.8 
2.6 
3.3 

 
492,344
  11,695
  14,708

Smoking 
   Never 
   Current 
   Former 
   Unsure 

 
81.1 
81.5 
78.0 
75.6 

 
17.1 
16.8 
19.7 
20.0 

 
1.8 
1.7 
2.3 
4.4 

 
321,562
  60,175
134,986
    2,024

Personal history of  
breast cancer 
   Never 
   Ever 

 
 

81.3 
71.4 

 
 

16.8 
26.3 

 
 

1.9 
2.3 

 
 

468,590
  50,157
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Table 2.  Prevalence of first-degree family history of breast cancer according to selected 
factors in BCDDP endometrial cancer Follow-up Study, 1979-1998  
 

 
 
Risk factor 

Never 1st degree 
family history of  
breast cancer (%) 

Ever 1st degree  
family history of  

breast cancer  (%) 

Unsure 1st degree 
family history of  
Breast cancer (%) 

Total  
person- 
years 

Age at menarche (yrs) 
   <11 
   11-12 
   13-14 
   >14 
   Unknown 

 
80.7 
80.4 
80.4 
80.0 
81.0 

 
17.4 
17.6 
17.9 
17.9 
16.0 

 
1.9 
2.0 
1.7 
2.1 
3.0 

 
  18,391 
193,246 
239,642 
  64,044 
    3,424 

Age at first live birth 
   <25 
   25-29 
   30-34 
   35-39 
   >40 

 
80.8 
80.4 
78.3 
80.1 
75.0 

 
17.2 
17.8 
20.1 
18.2 
23.7 

 
2.0 
1.8 
1.7 
1.7 
1.3 

 
252,127 
131,296 
  41,033 
  12,118 
    2,185 

Age at last birth 
   <30 
   30-34 
   35-39 
   >40 
   Unknown 

 
80.7 
79.0 
70.5 
79.0 
81.2 

 
17.3 
19.0 
18.6 
19.4 
16.9 

 
2.0 
2.0 
1.9 
1.6 
1.9 

 
136,404 
105,768 
  58,139 
  16,306 
195,004 

Menopausal status 
   Pre-menopause 
   Menopause 
   Unknown 

 
83.5 
79.9 
79.9 

 
15.1 
18.1 
17.3 

 
1.4 
2.0 
2.8 

 
  65,740 
437,138 
  15,869 

Age at natural  
Menopause 
   <48 
   48-49 
   50-51 
   52-54 
   >54 
    

 
 

81.0 
80.0 
80.3 
79.3 
77.0 

 
 

17.2 
18.3 
17.8 
18.5 
20.6 

 
 

1.8 
1.7 
1.9 
2.2 
2.5 

 
 
104,401 
  81,253 
  99,727 
106,507 
  34,246 
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Table 3. Rate ratios (RR) of endometrial cancer among women with a personal history of 
breast cancer associated with family history of breast cancer in BCDDP endometrial 
cancer Follow-up Study, 1979-1998   
 
          Adjusted* 
      No. of    No. of ______________  
Relative   Person-Years Cases  RR (95%CI)   
 
Any family history    
   No history   22,813  35  1.0 (reference)  
   1 affected   13,266  23  0.9 (0.5-1.6) 
 2 or more affected  6,781    9  0.8 (0.4-1.6) 
 Any affected   20,047  32  0.9 (0.5-1.4) 
   Unknown   7,298  14   0.8 (0.4-1.6) 
Any 1st degree    
   No history   35,823  60   1.0 (reference) 
   1 affected   10,651  18   0.9 (0.5-1.6) 
   2 or more affected    2,522    2    0.5 (0.1-2.1) 
   Any affected   13,173  20    0.9 (0.5-1.4) 
   Unknown     1,161    1    0.5 (0.0-3.8) 
1st and 2nd degree 
 No history   22,851  35  1.0 (reference) 
 Any affected       3,580    5  0.7 (0.3-1.8) 
 Unknown   10,203  20  0.9 (0.5-1.6) 
________________________________________________________________________  
* Adjusted for number of relatives, attained age, BMI, race, menopausal status. 
Women who did not have relatives with breast cancer in that category formed the reference group 
for each row.  
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Table 4. Rate ratios (RR) of endometrial cancer associated with family history of breast 
cancer in BCDDP endometrial cancer Follow-up Study, 1979-1998 [case 1 definition]   
 
          Adjusted* 
      No. of    No. of ______________  
Relative   Person-Years Cases  RR (95%CI)  
 
Any family history  140,762  173  0.9 (0.8-1.1) 
    1 affected     99,161  120  0.9 (0.7-1.1) 
    2 or more affected  41,601    53  0.9 (0.7-1.2)  
   Unknown   69,797    78  0.7 (0.6-0.9) 
 
Any 1st degree   81,720  103  1.0 (0.8-1.2) 
  1 affected   69,799    89  1.0 (0.8-1.2) 
  2 or more affected  11,920    14   0.9 (0.5-1.5) 
  Unilateral   40,442    43   0.8 (0.6-1.1)  
  Bilateral      7,926    14   1.4 (0.8-2.4) 
  Unknown   34,087    46  1.1 (0.8-1.5)  
 
Any 2nd degree  80,864  101  1.0 (0.8-1.2)   
  1 affected   62,150    72  0.9 (0.7-1.2)   
  2 or more affected  18,715    29  1.2 (0.8-1.8) 
  Unknown   85,970  104  0.9 (0.7-1.1) 
_______________________________________________________________________  
* Adjusted for number of relatives, attained age, BMI, personal history of breast cancer, race, 
menopausal status. 
Women who did not have relatives with breast cancer in that category formed the reference group 
for each row.  
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Table 5. Rate ratios (RR) of endometrial cancer associated with family history of breast 
cancer in BCDDP Endometrial Cancer Follow-up Study, 1979-1998 [case 3 definition]   
 
          Adjusted* 
      No. of    No. of ______________  
Relative   Person-Years Cases  RR (95%CI)   
 
Any family history  140,766  155  0.9  (0.7-1.1) 
   1 affected     99,165  110  0.9 (0.7-1.1) 
   2 or more affected  41,601    45  0.8 (0.6-1.1)  
      Unknown   69,810    70  0.7 (0.5-0.9) 
 
Any 1st degree   81,720    94  1.0 (0.8-1.2) 
  1 affected   69,800    83  1.0 (0.8-1.3) 
  2 or more affected  11,921     11   0.7 (0.4-1.4) 
  Unilateral   40,442    41   0.8 (0.6-1.2)  
  Bilateral      7,927    13   1.5 (0.9-2.6) 
  Unknown   34,088    40  1.0 (0.7-1.4)  
 
Any 2nd degree  80,868    89  0.9 (0.7-1.2   
  1 affected   62,153    62  0.9 (0.6-1.1)   
  2 or more affected  18,715    27  1.2 (0.8-1.8) 
  Unknown   85,984    92  0.8 (0.7-1.1) 
_____________________________________________________________________ 
* Adjusted for number of relatives, attained age, BMI, personal history of breast cancer, race, 
menopausal status. 
Women who did not have relatives with breast cancer in that category formed the reference group 
for each row.  
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Table 6. Rate ratios (RR) of endometrial cancer associated with family history of breast 
cancer in BCDDP endometrial cancer Follow-up Study, 1979-1998 [case 4 definition]   
 
          Adjusted* 
      No. of    No. of ______________  
Relative   Person-Years Cases  RR (95%CI)   
 
Any family history  157,024  179  0.9 (0.7-1.1) 
  1 affected    111,372  128  0.9 (0.7-1.1) 
  2 or more affected  45,653    51  0.8 (0.6-1.1) 
  Unknown   78,363    91  0.8 (0.6-1.0) 
 
Any 1st degree   91,982  110  1.0 (0.8-1.2) 
  1 affected   78,650    98  1.0 (0.8-1.3) 
  2 or more affected  13,331    12   0.7 (0.4-1.2) 
  Unilateral   40,442    43   0.8 (0.6-1.1)  
  Bilateral      7,926    14   1.4 (0.8-2.4) 
  Unknown   34,087    46  1.1 (0.8-1.5)  
 
Any 2nd degree  88,770  102  1.0 (0.8-1.2)   
  1 affected   68,461    74  0.9 (0.7-1.2)   
  2 or more affected  20,309    28  1.1 (0.8-1.7) 
  Unknown   96,429  118  0.9 (0.7-1.1) 
________________________________________________________________________ 
* Adjusted for number of relatives, attained age, BMI, personal history of breast cancer, race, 
menopausal status. 
Women who did not have relatives with breast cancer in that category formed the reference group 
for each row.  
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Table 7. Rate ratios for endometrial cancer, 95% Confidence Intervals, number of cases and total person-
years, according to history of breast cancer in mother and sister(s) by characteristics of the case  
 

Mother Sister(s) 
  with with   Age at Diagnosis   Estrogen Use   BMI (kg/m2)   Menopausal status 
  Breast Breast    _______________ ______________  _____________ _____________ 
  Cancer Cancer Overall  <60  >60  Yes  No >28  <28 Yes  No 
  No  No 1.0  1.0  1.0  1.0  1.0 1.0  1.0 1.0 1.0 
     524/  88/  436/   163/  207/ 385/  121/ 488/  23/  
      419,600  70,362 349,238  74,132   247,100 340,820 63,829 351,629  55,226 
  Yes  No 1.0  0.7  1.0  1.3  0.9 0.9  1.0 1.0  1.0 
     (0.7-1.3)    (0.3-1.6) (0.8-1.4)  (0.8-2.1)  (0.6-1.4) (0.7-1.3)   (0.6-1.7) (0.7-1.3)  (0.3-3.3) 
     56/  7/  49/   19/  20/ 38/  15/ 50/  3/ 
     44,184  7,423 36,761  6,556  26,189 35,424 7,171 35,333  7,172 
  No  Yes 1.0  0.6  1.0  0.9  1.0 1.2  0.4 1.0  --- 
     (0.7-1.3)  (0.3-1.5)  (0.7-1.4) (0.5-1.5)   (0.6-1.6) (0.8-1.6) (0.1-0.9) (0.7-1.3) 
     52/  7/  45/   16/  21/ 43/  5/ 52/  0/ 
     38,233  6,357 31,876 7,368  21,843 30,689 6,044 35,174  2,216 
  Yes  Yes  0.8 1.5  0.5  0.7  0.9 0.6  0.9 0.8  --- 
     (0.4-1.6)  (0.4-4.9) (0.2-1.4)  (0.2-2.5)  (0.3-2.8) (0.2-1.7)   (0.2-3.6)  (0.4-1.6) 
     7/6,126  3/1,065 4/5,062  3/1,091 3/3,628 4/5,038 2/895 7/5,461  0/518 
 

All the analyses are adjusted for attained age, race, menopausal status, BMI, number of sisters, and personal 
history of breast cancer; when the analysis was stratified by one of these variables, that variable was taken out 
of the model. 
Each reference group includes women with no history of breast cancer in either mother or sister(s). 
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Table 8. Rate ratios for endometrial cancer, 95% Confidence Intervals, number of cases and total person-
years by family history and age at natural menopause 
 
     1st degree Family History   Mother’s History    Sister’s History 
  Age at Natural  _________________________     _______________________    ____________________ 
  Menopause  No  Yes  No  Yes    No  Yes 
   < 48   1.0  1.1  1.0  0.9    1.0   1.0 
       (0.7-1.7)    (0.5-1.7)      (0.6-1.6) 
    104/85,998 26/18,142  119/95,111  11/9,178    115/95,097 22/16,360  
 48-49   1.0  0.8  0.9  1.0    0.9   1.0 
     (0.7-1.3) (0.5-1.4)  (0.7-1.2)  (0.5-1.8)   (0.7-1.2) (0.6-1.6) 
    76/67,823 16/15,331  83/74,994  10/8,279   84/76,050 21/16,499 
 50-51   1.1  0.9  1.1  0.87    1.1   1.0 
    (0.9-1.5) (0.6-1.4)  (0.9-1.4)  (0.5-1.6)   (0.8-1.4) (0.7-1.6) 
     116/85,733 22/18,581  127/94,435  11/9,898   125/95,650 25/18,971 
 52-54   0.9  1.1  1.0  0.9    0.9   1.0 
    (0.7-1.2) (0.7-1.7)  (0.7-1.2)  (0.5-1.6)   (0.7-1.2) (0.6-1.7) 
     106/95,064 31/21,668  123/105,015 14/11,961  123/106,909 20/15,626 
 >55   1.3  1.3  1.3  1.4    1.3   1.5 
      (1.0 – 1.9)  (0.7-2.4)  (0.9-1.7)  (0.7-3.1)  (1.0-1.8)     (0.7-3.2)  
      53/32,501  13/8,477  59/36,478 7/4,531   59/37,177 7/5,622 
 
All the analyses are adjusted for attained age, race, BMI, family size, and personal history of breast cancer. 
Each reference group includes women who did not have relatives with breast cancer in that category and who had 
the lowest risk level of the other factor (age at natural menopause). 
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Table 9. Rate ratios for endometrial cancer, 95% Confidence Intervals, number of cases and total person-
years by family history and parity 
 
     1st degree Family History   Mother’s History    Sister’s History 
  Parity  _________________________   _______________________    _____________________ 
     No  Yes  No  Yes    No  Yes 
Nulliparous  1.0  0.7  1.0  0.6    1.0  0.8  
       (0.4-1.1)   (0.3-1.1)      (0.4-1.4) 
     118/63,731 18/14,157  129/70,407 8/7,620   124/70,736 12/76,13 
    1       0.7      0.6      0.7  0.6    0.7  0.6 
    (0.5-1.0) (0.4-1.1)  (0.6-1.0)  (0.3-1.3)   (0.6-1.0) (0.3-1.4) 
     68/51,348 13/10,754   75/56,759  6/5,430   74/56,794 7/5,820 
    2    0.7  0.9  0.8  0.9    0.8  0.8 
    (0.6-0.9) (0.6-1.2)  (0.6-1.0) (0.5-1.4)   (0.6-1.0) (0.5-1.3) 
     159/122,061 42/26,942  178/134,151  23/15,039   183/137,045 19/12,996 
    3    0.6   0.6  0.6  0.6    0.6  0.6 
    (0.5-0.8) (0.4-0.9)  (0.5-0.7)  (0.4-0.9)   (0.5-0.7) (0.4-1.0) 
     176/179,699  46/40,128  195/197,650   27/22,490     202/202,778 21/18,583 
 
All the analyses are adjusted for attained age, race, BMI, menopausal status, family size, and personal history of 
breast cancer. 
Each reference group includes women who did not have relatives with breast cancer in that category and who had 
the lowest risk level of the other factor (nulliparous). 
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Table 10.  Prevalence of first-degree family history of breast cancer according to selected 
factors in BCDDP ovarian cancer Follow-up Study, 1979-1998     
 
 
 
Risk factor 

Never 1st degree 
family history of  
breast cancer (%) 

Ever 1st degree  
family history of  

breast cancer  (%) 

Unsure 1st degree 
family history of  
Breast cancer (%) 

Total  
person- 
years 

Attained age (yrs) 
   <50 
   50-54 
   55-59 
   60-64 
   65-69 
   70-74 
   75+ 

 
85.3 
83.1 
81.5 
80.1 
78.6 
77.1 
75.1 

 
13.7 
15.3 
16.6 
17.9 
19.2 
20.6 
22.4 

 
1.0 
1.6 
1.9 
2.1 
2.2 
2.3 
2.5 

 
  63,176 
  98,312 
138,368 
140,050 
 114,298 
  78,548 
  83,161 

Education 
   <High school 
   High school 
   Some college 
   College graduate + 
   Unknown 

 
81.0 
80.3 
79.9 
79.5 
74.8 

 
16.9 
17.7 
18.1 
18.7 
23.2 

 
2.1 
2.0 
2.0 
1.8 
2.0 

 
  91,910 
293,490 
168,207 
156,047 
    6,259 

Race 
   White 
   Hispanic 
   Black 
   Other 

 
79.5 
84.6 
84.1 
84.1 

 
18.6 
13.4 
13.8 
14.2 

 
2.0 
2.1 
2.1 
1.8 

 
620,635 
  16,852 
  32,873 
  45,553 

Body mass index 
(kg/m2) 
   <22.05 
   22.06-25.07 
   25.08-27.85 
   27.86-32.06 
   32.07+ 
   Unknown 

 
 

80.8 
80.0 
79.7 
79.4 
78.8 
79.4 

 
 

17.6 
18.0 
18.2 
18.1 
18.7 
18.6 

 
 

1.7 
2.0 
2.1 
2.4 
2.5 
2.0 

 
 
247,203 
213,613 
 113,661 
  77,402 
  38,653 
  25,382 

Parity 
   0 
   1 
   2 
   >3 

 
80.0 
80.1 
80.2 
80.1 

 
18.0 
17.8 
17.9 
18.0 

 
2.0 
2.1 
1.9 
1.9 

 
  98,392 
  85,240 
208,699 
323,582 

Oral contraceptive use 
   Never 
   Ever 
   Unknown 

 
79.8 
80.8 
75.7 

 
18.2 
17.2 
15.3 

 
 2.0 
 1.9 
 9.0 

 
502,233 
212,658 
    1,022   
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Table 10.  Prevalence of first-degree family history of breast cancer according to selected 
factors in BCDDP ovarian cancer Follow-up Study, 1979-1998     
 
 
 
Risk factor 

Never 1st degree 
family history of  
breast cancer (%) 

Ever 1st degree  
family history of  

breast cancer  (%) 

Unsure 1st degree 
family history of  
Breast cancer (%) 

Total  
person- 
years 

Duration of oral  
contraceptive use 
   No use 
   <3 
   3-<9 
   >9 
   Unknown 

 
 

79.8 
80.7 
80.6 
81.8 
81.9 

 
 

18.2 
17.5 
17.6 
16.2 
14.5 

 
 

2.0 
1.8 
1.8 
2.0 
3.6 

 
 
503,132 
105,796 
69,198 
32,203 
5,585 

Estrogen/estrogen- 
progestin (ERT-PRT) use 
   No use 
   Estrogen only 
   Estrogen-progestin/ 
   PRT (estrogen unknown) 
   Progestin only 
   Unknown 

 
 

80.5 
80.0 
79.9 

 
79.2 
77.4 

 
 

17.8 
18.0 
17.6 

 
17.6 
19.7 

 
1.7 
2.0 
2.5 

 
3.2 
2.9 

 
 

357,789 
206,671 
100,095 

 
4,688 
46,671 

Duration of estrogen  
only use (yrs) 
   No use 
   <8 
   8-<16 
   >16 
   Unknown 

 
 

80.5 
80.9 
78.7 
78.8 
78.9 

 
 

17.8 
17.3 
19.1 
19.2 
18.9 

 
 

1.7 
1.8 
2.2 
2.0 
2.2 

 
 

344,158 
136,839 
33,475 
19,087 
30,901 

Smoking 
   Never 
   Current 
   Former 
   Unsure 

 
80.7 
81.0 
78.1 
78.1 

 
17.4 
17.3 
19.6 
18.6 

 
1.9 
1.7 
2.3 
3.3 

 
448,308 
80,821 
183,955 
     2,830 

Personal history of  
breast cancer 
   Never 
   Ever 

 
 

81.1 
70.9 

 
 

17.0 
26.7 

 
 

1.9 
2.4 

 
 

647,592 
  68,321 

Age at menarche (yrs) 
   <11 
   11-12 
   13-14 
   >14 
   Unknown 

 
80.1 
80.3 
80.0 
79.8 
79.0 

 
17.6 
17.6 
18.2 
18.0 
18.0 

 
2.3 
2.0 
1.8 
2.1 
3.0 

 
  27,274 
271,845 
325,257 
87,053 
  4,485 
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Table 10.  Prevalence of first-degree family history of breast cancer according to selected 
factors in BCDDP ovarian cancer Follow-up Study, 1979-1998     
 
 
 
Risk factor 

Never 1st degree 
family history of  
breast cancer (%) 

Ever 1st degree  
family history of  

breast cancer  (%) 

Unsure 1st degree 
family history of  
Breast cancer (%) 

Total  
person- 
years 

Age at first live birth 
   <25 
   25-29 
   30-34 
   35-39 
   >40 

 
80.5 
79.9 
78.2 
78.8 
77.7 

 
17.4 
18.2 
20.2 
19.2 
21.1 

 
2.1 
1.8 
1.6 
2.0 
1.2 

 
374,653 
173,194 
 51,872 
14,491 
  2,523 

Age at last birth 
   <30 
   30-34 
   35-39 
   >40 
   Unknown 

 
80.3 
78.6 
79.2 
78.8 
81.1 

 
17.6 
19.5 
19.0 
19.5 
16.9 

 
2.1 
1.9 
1.8 
1.7 
1.9 

 
201,342 
145,058 
  77,411 
  21,268 
260,944 

Menopausal status 
   Pre-menopause 
   Menopause 
   Unknown 

 
80.6 
79.8 
80.0 

 
17.5 
18.2 
17.2 

 
1.9 
2.0 
2.8 

 
 249,232 
450,580 
  16,102 

Age at natural  
menopause 
   <48 
   48-49 
   50-51 
   52-54 
   >54   

 
 

81.0 
79.8 
80.3 
79.4 
77.0 

 
 

17.2 
18.5 
17.8 
18.5 
21.0 

 
 

1.8 
1.7 
1.9 
2.1 
2.0 

 
 
109,006 
  83,605 
102,791 
109,132 
  35,547 

Hysterectomy 
     No 
     Yes 
     Unknown 

 
80.3 
79.6 
80.0 

 
17.8 
18.4 
14.0 

 
1.9 
2.0 
6.0 

 
501,640 
211,973 
    2,300 

Religion 
   Catholic 
   Jewish 
   Mormon 
   7th day Adventist 
   Protestant 
   Other 
   Unknown 

 
80.0 
80.9 
78.7 
79.6 
79.7 
83.3 
82.8 

 
17.9 
17.5 
19.1 
18.0 
18.3 
15.0 
16.6 

 
2.0 
1.6 
2.2 
2.4 
2.0 
1.7 
0.7 

 
161,090 
  71,317 
    9,162 
    2,353 
429,789 
  36,327 
    5,875 
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Table 11.  Age adjusted relative risks (RR) of ovarian cancer associated with selected 
factors in BCDDP ovarian cancer Follow-up Study, 1979-1998  
 
 
Risk factor 

No. of 
Person-Years 

No. of Cases 
(n=648) 

RR (95% CI) 

Attained age (yrs) 
   <50 
   50-54 
   55-59 
   60-64 
   65-69 
   70-74 
   75+ 

 
 63,176 
 98,312 
138,368 
140,050 
114,298 
 78,548 
 83,161 

 
8 
30 
67 
63 
58 
64 
72 

 
 1.0  (reference) 

    0.9 (0.4-1.9) 
    1.0  (0.5-2.1) 
    0.7 (0.4-1.5) 
    0.8 (0.4-1.6) 
    0.7 (0.3-1.4) 
    0.4 (0.2-0.9) 

Education 
   <High school 
   High school 
   Some college 
   College graduate + 
   Unknown 

 
  91,910 
293,490 
168,207 
156,047 
   6,259 

 
56 
137 
88 
76 
5 

 
 1.0  (reference) 

    0.9 (0.7-1.2) 
    1.0 (0.7-1.4) 
    1.0 (0.7-1.4) 
    1.6 (0.6-3.9) 

Race 
   White 
   Hispanic 
   Black 
   Other 

 
620,635 
 16,852 
 32,873 
 45,553 

 
330 
  2 
14 
16 

 
  1.0  (reference) 

     0.2 (0.0-0.9) 
     0.8 (0.5-1.4) 
     0.7 (0.4-1.1) 

Body mass index 
(kg/m2) 
   <22.05 
   22.06-25.07 
   25.08-27.85 
   27.86-32.06 
   32.07+ 
   Unknown 

 
 

247,203 
213,613 
113,661 
 77,402 
 38,653 
 25,382 

 
 

124 
121 
50 
37 
19 
11 

 
 

  1.0 (reference) 
     1.0 (0.8-1.3) 
     0.8 (0.6-1.1) 
     0.9 (0.6-1.2) 
     0.9 (0.6-1.5) 
     0.8 (0.4-1.4) 

Parity 
   0 
   1 
   2 
   >3 

 
 98,392 
 85,240 
208,699 
323,582 

 
61 
61 
102 
138 

 
  1.0 (reference) 

     1.2 (0.8-1.7) 
     0.9 (0.6-1.2) 
     0.8 (0.6-1.0) 

Oral contraceptive use 
   Never 
   Ever 
   Unknown 

 
502,233 
212,658 
    1,022   

 
293 
66 
3 

 
    1.0   (reference) 

0.72 (0.54-0.95) 
    5.5  (1.80-17.0) 
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Table 11.  Age adjusted relative risks (RR) of ovarian cancer associated with selected 
factors in BCDDP ovarian cancer Follow-up Study, 1979-1998  
 
 
Risk factor 

No. of 
Person-Years 

No. of Cases 
(n=648) 

RR (95% CI) 

Duration of oral  
contraceptive use 
   No use 
   <3 
   3-<9 
   >9 
   Unknown 

 
 

503,132 
105,796 
69,198 
32,203 
5,585 

 
 

295 
37 
19 
8 
3 

 
 

 1.0  (reference) 
    0.8 (0.6-1.1) 
    0.6 (0.4-1.0) 
    0.6 (0.3-1.2) 
    1.1  (0.4-3.5) 

Estrogen/estrogen- 
progestin (ERT-PRT) use 
   No use 
   Estrogen only 
   Estrogen-progestin/ 
   PRT (estrogen unknown) 
   Progestin only 
   Unknown 

 
 

357,789 
206,671 
100,095 

 
4,688 
46,671 

 
152 
136 
47 
 
1 
26 

 
 

 1.0 (reference) 
     1.4 (1.1-1.7) 
     1.0 (0.7-1.4) 

 
     0.5 (0.0-3.9) 
     1.3 (0.9-1.9) 

Duration of estrogen  
only use (yrs) 
   No use 
   <8 
   8-<16 
   >16 
   Unknown 

 
 

344,158 
136,839 
  33,475 
  19,087 
30,901 

 
 

138 
85 
20 
20 
25 

 
 

   1.0 (reference) 
   1.4 (1.0-1.8) 
   1.3 (0.8-2.0) 
   2.0 (1.2-3.2) 

     1.6 (1.1-2.5) 
Smoking 
   Never 
   Current 
   Former 
   Unsure 

 
448,308 
  80,821 
183,955 

 2,830 

 
237 
26 
97 
2 

 
   1.0  (reference) 

     0.8 (0.5-1.2) 
     1.0  (0.8-1.3) 
     1.1  (0.3-4.6) 

Personal history of  
breast cancer 
   Never 
   Ever 

 
 

647,592 
68,321 

 
 

307 
55 

 
 

  1.0  (reference) 
     1.5  (1.1-2.0) 

Age at menarche (yrs) 
   <11 
   11-12 
   13-14 
   >14 
   Unknown 

 
27,274 
271,845 
325,257 
87,053 

           4,485 

 
12 
119 
183 
45 
3 

 
  1.0  (reference) 

     0.9 (0.5-1.7) 
     1.1 (0.6-2.0) 
     1.0 (0.5-1.9) 
     1.2 (0.3-4.2) 
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Table 11.  Age adjusted relative risks (RR) of ovarian cancer associated with selected 
factors in BCDDP ovarian cancer Follow-up Study, 1979-1998  
 
 
Risk factor 

No. of 
Person-Years 

No. of Cases 
(n=362) 

RR (95% CI) 

Age at first live birth 
   <25 
   25-29 
   30-34 
   35-39 
   >40 

 
374,653 
173,194 
 51,872 
  14,491 
  2,523 

 
169 
96 
29 
6 
1 

 
 1.0 (reference) 

     1.1 (0.8-1.4) 
     1.0 (0.7-1.5) 
     0.7 (0.3-1.6) 
     0.6 (0.1-4.5) 

Age at last birth 
   <30 
   30-34 
   35-39 
   >40 
   Unknown 

 
201,342 
145,058 
   77,411 
    21,268 
260,944 

 
67 
47 
17 
4 

223 

 
      1.0 (reference) 
      0.7 (0.5-1.1) 
      0.5 (0.3-0.8) 
      0.4 (0.1-1.0) 
    1.8 (1.3-2.4)  

Menopausal status 
   Pre-menopause 
   Menopause 
   Unknown 

 
249,232 
450,580 
16,102 

 
88 
267 
7 

 
    1.0 (reference) 
    1.3 (1.0-1.7) 
    1.1 (0.5-2.5) 

Age at natural  
menopause 
   <48 
   48-49 
   50-51 
   52-54 
   >54 

 
 

110,646 
  86,925 
109,321 
121,778 

         43,243 

 
 

60 
46 
52 
70 
17 

 
 

  1.0 (reference) 
     1.0 (0.7-1.5) 

0.9 (0.6-1.4) 
     1.2 (0.8-1.6) 

0.8 (0.5-1.3) 
Hysterectomy 
     No 
     Yes 
     Unknown 

 
501,640 
211,973 
    2,300 

 
273 
  89 
    0 

 
      1.0 (reference) 

 0.8 (0.6-1.0) 
--- 

Religion 
   Catholic 
   Jewish 
   Mormon 
   7th day Adventist 
   Protestant 
   Other 
   Unknown 

 
161,090 
  71,317 
    9,162 
    2,353 
429,789 
  36,327 
  5,875 

 
82 
44 
2 
1 

213 
17 
3 

 
  1.0 (reference) 

     1.1 (0.8-1.6) 
     0.4 (0.1-1.7) 
     0.8 (0.1-5.7) 
     0.9 (0.7-1.2) 
     0.9 (0.5-1.5) 
     1.0 (0.3-3.1) 
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Table 12.  Rate ratios for ovarian cancer, 95% Confidence Intervals, number of cases and total 
person-years by age of diagnosis and disease laterality of relative with breast cancer 
 
          
         Mother  with Breast Cancer 
    ______________________________________________________________________ 
     Mother’s Age at Diagnosis*    Mother’s Laterality Status 
    _____________________________  _____________________________________ 
Reference Group <50  >50  Unknown  Unilateral  Bilateral   Unknown 
  1.0   1.1  0.9   1.6  1.1    1.1   1.2 
    (0.5-2.7) (0.6-1.5)  (1.0-2.7)  (0.7-1.8)  (0.3-3.3)   (0.8-1.9) 
  CA/PY 5/10,040 18/40,418 16/19,228   18/33,537  3/6,234   19/30,441 
 
         Sister with Breast Cancer 
     ______________________________________________________________________ 
     Sister’s Age at Diagnosis*    Sister’s Laterality Status 
     _____________________________  _____________________________________ 
Reference Group <50  >50  Unknown   Unilateral   Bilateral    Unknown 
  1.0   1.5  0.8  1.4   0.5  1.5   1.7 
    (0.8-2.6) (0.5-1.5) (0.9-2.4)  (0.2-1.0)  (0.6-3.6)   (1.2-2.5) 
  CA/PY 13/19,706 13/28,693 16/15,652  7/29,365  5/6,654  30/28,477 
 
          Daughter with Breast Cancer 
   ______________________________________________________________________ 
     Daughter’s Age at Diagnosis*    Daughter’s Laterality Status 
    _____________________________  _____________________________________ 
Reference Group <50   >50  Unknown   Unilateral   Bilateral   Unknown 
  1.0   2.3  --  1.0   2.0   3.2    0.8 
    (0.9-5.6)    (0.2-7.5)   (0.7-5.3)  (0.4-23)   (0.1-5.8) 
  CA/PY 5/3,787   0/627  11,349  4/3,506  1/476    1/1,746 
_____________________________________________________________________________________ 
* Age at diagnosis is the age of youngest relative in that category with breast cancer. 
All analyses are adjusted for attained age, number of relatives in each category (except mother’s 
category), and personal breast cancer diagnosis. 
Women who did not have relatives with breast cancer in that category formed the reference group for 
each group. 
CA= Number of cases; PY= Total person-years. 
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Table 13.  Rate ratios of ovarian cancer associated with first-degree family  
history of breast, ovarian, and colorectal cancers among the sub-cohort  
(527,252 person-years) who completed the phase IV interview  
 

 
 
Relative  

No. of 
Person-
Years 

No. of 
cases 

Adjusted * 
____________ 
RR (95% CI) 

Family history of 
breast cancer    
   No history 
   1 affected 
   2 or more affected 
   Any affected 
   Unknown 
 

 
 
419,760 
  82,493 
  14,727 
  97,221 
  10,271 

 
 

101 
 15 
 10 
 25 
  4 

                           Adjusted  for family history  
                           of ovarian cancer 
1.0 (reference)    1.0 (reference)     
0.7 (0.4-1.2)        0.7 (0.4-1.2)      
2.4 (1.2-4.6)        2.3 (1.1-4.4)        
1.0 (0.6-1.5)        0.9 (0.6-1.5)      
1.5 (0.5-4.0)        1.4 (0.5-3.9)        

Family history of 
ovarian cancer    
   No history 
   Any affected 
   Unknown 
 

 
 
470,151 
 27,086 
 30,015 

 
 

103 
 16 
 11 

                         Adjusted  for family history   
                          of breast cancer 
1.0 (reference)   1.0 (reference)                        
2.8 (1.6-4.7)       2.9 (1.7-4.9)         
1.5 (0.8-2.8)       1.5 (0.8-2.8)           

Family history of 
colorectal cancer    
    No history 
   Any affected 
   Unknown 

 
 
426,154 
  69,030 
  32,068 

 
 

103 
 17 
 10 

                         Adjusted  for family history   
                          of breast cancer 
1.0 (reference)   1.0 (reference)                        
1.0 (0.6-1.7)     1.0 (0.6-1.7)               
1.1 (0.6-2.2)       1.1 (0.6-2.2)      
           

*All analyses are adjusted for attained age, personal breast cancer diagnosis, and number of  
first-degree relatives. 

 



APPENDIX C 
 

 
List of the state cancer registries used in the BCDDP endometrial and ovarian 
cancer Follow-up Studies, including their year restrictions 
 
 
Arizona: none stated 
California: 1988-1998 
Florida: 1987-1999 
Georgia: 1987-1997 
Hawaii: none stated 
Idaho: 1987-1998 
Iowa: 1987-1997 
Maryland: 1992-1995 
Michigan: 1987-1997 
New Jersey: none stated 
New York: none stated 
North Carolina: none stated 
Ohio: 1991+ 
Oregon: none stated 
Pennsylvania: 1987-1995 
Rhode Island: none stated 
Tennessee: none stated 
Texas: none stated 
Virginia: none stated 
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